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ABSTRACT
This thesis investigates the factors which affect commuting distance in Canadian
Metropolitan Areas. The commuting behavior in Windsor, Halifax, Calgary and OttawaGatineau is studied using confidential micro-data from the 2006 Canadian Census survey.
Land use datasets from Statistics Canada, Desktop Mapping Technology Inc. and Natural
Resource Canada are also utilized. The nature of urban form in these CMAs is explored.
Regression and ordered choice models are employed to study the similarities and
differences in commuting behavior. The impact of factors such as sex, age and
employment status is line with previous studies. However, the use of new variables,
namely mortgage, mobility and occupational types, provide new insights about the
modeled process. Accessibility to jobs and mixed land use are the most significant land
use variables in all CMAs. The recommendations from this thesis support philosophies
that promote multinucleated and mixed land use development within the context of smart
growth strategies.
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CHAPTER I
INTRODUCTION
1.1 The Research Problem
Since the early 1950s, the urban form of North American metropolitan areas has changed
dramatically. Urban areas started experiencing a horizontal expansion in land
development. Consequently, considerable amounts of suburban-style growth started
emerging in metropolitan areas. This growth style has transferred these metropolitan
areas from a centralized form to a decentralized one, by shifting population and
employment to the suburbs (Maoh and Kanaroglou, 2007). This also resulted in
diversifying the patterns of work trips. Heading to the city center is not the only observed
pattern any more. Average commuting distances has also largely increased since both city
core and suburbs are involved in the journey-to-work. As a result, a large number of
cities started suffering from traffic congestion especially during the morning and
afternoon rush hours. The efficiency of the transportation system is therefore reduced.
Also the higher level of commute consumes more gas, and produces more environmental
pollution and emissions. These all run contrary to the principle of sustainability.

In order to address this problem, urban planners and community organizations have been
calling for strategies that would promote sustainable transportation and land use to reduce
commuting level in urban areas. Research has been conducted to find out the reasons
behind the observed increase in commuting levels. Socio-economic factors and land use
variables have been used to explain the commuting behavior in the literature. The socioeconomic factors include household attributes, gender, income, age, etc. The land use
1

variables used are density, proximity to facilities, settlement size and so on. However, in
terms of the explanatory power of each factor, different studies arrived at different
conclusions. Moreover, the investigation of commuting behavior in the Canadian context
is fairly limited. Previous studies for Canada mainly focused on larger metropolitan
regions such as the Greater Toronto Area (GTA) and Montreal (for example, Buliung and
Kanaroglou, 2002; Manaugh et al., 2010; and Julien and Ahmed M, 2010). Yet, there is
still a lack of consensus among these Canadian studies when explaining the observed
commuting behavior. As such, the findings from these studies cannot be generalized for
other types of Canadian urban areas. Therefore, the comparison of commuting behavior
among Canadian metropolitan areas of different or similar urban forms lacks and is
timely. At the same time, the availability of consistent data on commuting behavior for
different Canadian metropolitan areas would be ideal for such comparative analysis.

1.2 Research Objectives
The goal of this thesis is to fill the existing gap that was mentioned above by focusing on
answering the question: Is there a difference in commute between Canadian metropolitan
areas and if so, why? To this end, the specific objectives of this thesis include:
1) Explore and compare the urban form in different Canadian metropolitan areas.
2) Apply and compare different modeling techniques (i.e. linear regression models
and ordered choice models) to analyze the explanatory power of various socioeconomic and land use variables.
3) Investigate the factors influencing commute distances among different commuting
groups in Canadian urban areas.
2

4) Determine if land use patterns have a significant role in explaining commuting
distance in the context of Canada. If so, what land use variables should be used
and how strong are their influences?
5) Generalize the results from objectives 3) and 4) to provide suggestions that will
help planning land use and transportation in Canadian metropolitan areas.

The above objectives will be fulfilled through the use of the confidential records of the
2006 Canadian census which are accessible at the Research Data Centre in the University
of Windsor, and the land use and transportation datasets provided by Desktop Mapping
Technology Inc. (DMTI), Natural Resource Canada and Statistics Canada. Four Canadian
Census Metropolitan Areas (CMAs) will be studied in this thesis. These are Windsor,
Halifax, Calgary, and Ottawa-Gatineau. The micro-records from the Canadian Census
provide a unique opportunity to study and analyze the commuting behavior in various
Canadian CMAs. This is because the data are consistent among the studied CMAs as they
were collected by the same agency (Statistics Canada) and at the same time. Also, these
data are the most comprehensive as far as spatial coverage and number of observations.
These features make the data ideal for the type of modeling exercise that will be
conducted in this thesis.

1.3 Thesis Outline
This thesis consists of five chapters. The next chapter starts with a discussion of the
theoretical context by reviewing a number of studies that are relevant to the topic of this
thesis. First, an introduction of urban form and its relation to transportation and the
3

environment is presented. This is followed by a discussion of the land use attributes and
socio-economic factors that are found to impact commuting distance in the literature.
Finally, this chapter concludes with a summary of the methods that have been commonly
used in the past to model the relationship between different explanatory factors and
commuting distance.

Chapter three outlines the methods of analysis employed in this thesis. In this chapter, the
land use pattern of the studied CMAs is discussed. Also, the chapter highlights the data
sources and the software used to conduct the analysis. Socio-economic factors and land
use variables considered in the modeling work are then listed and discussed. At the end, a
review of the modeling techniques and an assessment of these techniques based on
previous studies are provided.

Chapter four presents the research findings. It begins with a comparison of the different
techniques used to investigate the relationship between explanatory factors and the
commuting distance in the case of Windsor. The sample of commuters in each CMA is
then divided to represent commuters with normal commuting distance and extreme travel
distance to work. The results for the normal commuting population in the studied CMAs
are presented and compared. Next, an analysis and discussion of extreme commuting
distance is provided to understand the factors causing extremely long commute in the
studied CMAs.

4

In chapter five, the key findings are reviewed. A discussion of the contribution made by
this thesis is also included. Finally, this chapter concludes with some recommendations
for future research.

5

CHAPTER II
REVIEW OF LITERATURE
2.1 Urban Form
2.1.1 Introduction of urban form
Urban form, as Anderson et al. (1996) defined, is the spatial configuration of human
activities within a city. It can be reflected by the spatial distribution of jobs and
residences in an urban area. The three types of urban form that has been studied since the
1950’s are: monocentric/compact, polycentric/multinucleated, and dispersed/sprawled
forms. Under a monocentric urban form, the land use activities are mainly concentrated
in the city core. The land use activities can be living, studying, manufacturing, shopping,
etc. As a result, land use densities and rent values are at their maximum in the central
business district (CBD), and dissipate with distance from the center (Maoh et al., 2010).
Thus, there is a clear boundary between the city and the rural area surrounding it
(Rouwendal and Nijkamp, summer 2004). Prior to 1900, most North American
metropolitan areas were monocentric. This period is also called the “walking-horsecar
era”, since urban mass transportation was absent and the distance that could be reached
(walked) in a given time was very limited (Muller, 1995).

Figure 2.1 Monocentric and multinucleated urban form (Anderson et al., 1996)
6

After 1900, a wide migration stream was moving outwards of the city. Meanwhile, the
industrial revolution accelerated the development of the automobile. More road networks
were expanded in cities. More residents appreciated the value of suburban living (i.e.
lower density and more green land) (Anderson et al.,1996; Farber et al., 2009; Maoh et
al., 2010). The urban perimeter was, therefore successively pushed far from downtown
with time. The population decentralization of North American metropolitan areas
emerged. Swiftly, entrepreneurs realized the reorganization of the metropolitan form.
More nonresidential activities subsequently happened in suburbs. “Manufacturing and
retailing led the way” (Muller, 1995). This trend also improved the vicinity of sites for
multipurpose activities in the outer city. The old central city was eventually diversified.
Downtown-type centers emerged at the outer periphery. The establishment of new
center(s) in increasingly independent outer parts of the city consequently formed a
multinucleated metropolitan area. People’s daily activities were then concentrated in
multiple centers (i.e. both aging city center and new center(s)).

Besides the multinucleated metropolis, dispersed urban area is also a result of the
decentralized process of North American cities. However, the decentralizations in the
context of multinucleation and dispersed patterns are different. In the former
configuration, decentralization is the spread of population to well-defined center(s). In
the latter form, conversely, the population spread out without a well-defined center. In a
dispersed metropolitan area, the main characteristic is “sprawl”. Sprawl, as Sultana and
Weber (2007) defined, is “a process of rapid population growth occurring in areas
7

characterized by low densities, outside of traditional urban or the built-up areas”. This
growth happens sparsely. Sprawl can be distinguished from multinucleated or
monocentric urban forms by the absence of a gradual density change from center to the
outer city (Ewing, 1994). Leapfrog patterns, commercial strip development and
discontinuous residential development are also used to define sprawl (Ewing, 1997;
Weitz and Moore, 1998; Galster et al., 2001; Hess et al., 2001; Maoh et al., 2010). With
such a discontinuous pattern of population distribution, sprawl increases the aggregate
urban land use and lowers the land use density (Anas and Rhee, 2006). Nechyba and
Walsh (2004) noted that virtually all of the recent population growth in urbanized land
has occurred in the suburbs of America. The residential segregation in a sprawled region
further gives rise to car-dependency, unnecessary commute or other daily travel, more
pollution emitted per person, the loss of open space amenities and unequal provision of
public goods and services (Nechyba and Walsh, 2004; Jonathan et al., 2006). Clearly,
dispersed urban form is inefficient in terms of energy and transportation.

2.2.2 Descriptive characteristics of urban form
After the introduction of the three typical urban forms, this section will discuss the
diverse variables the literature used to characterize urban forms. To identify the urban
form of a metropolitan area, Tsai (2005) proposed four urban form dimensions – size,
density, degree of equal distribution and degree of clustering. Moreover, he used global
Moran coefficient to distinguish compactness from sprawl at the metropolitan level. With
a lower value of the Moran coefficient, metropolitan areas have less level of
compactness. Stead and Marshall (2001) summarized the variables characterizing urban
8

form into nine major themes ranging from regional level (at the top of the list) to specific
local issues (at the bottom of the list):
1. distance of residence from the urban center
2. settlement size
3. mixing of land uses
4. provision of local facilities
5. density of development
6. proximity to transport networks
7. availability of residential parking
8. road network type
9. neighborhood type
Crane (2000) listed six measures which can be used to study urban form and land use.
They are: density (e.g., simple residential/employment or more complex accessibility,
subcenter, or polycentrism measures), extent of land use mixing, traffic calming, street
and circulation pattern, jobs/housing and/or land use balance, and pedestrian features
(e.g., sidewalks, perceived safety, aesthetics).

Apparently with the use of descriptive variables the idea of urban form becomes clearer.
However in practice, there is no definitive way to give a discrete categorization of urban
form for a metropolitan area through those variables. One explanation is that it is hard to
determine the critical value of an index/variable between different typical urban forms
(e.g., compact form and dispersed form). For example, how dense is dense enough to
form a compact form? Moreover, the significance of each variable describing urban form
9

needs to be discussed in context. The distance from the residence to the city core might
be far within a smaller urban area but close enough when it comes to a larger
metropolitan area. Third, some cities are experiencing urban form evolution (e.g., the
shift from a compact form to a dispersed form). In this situation, some of the descriptive
variables may reveal a centralized pattern, while other descriptive variables may suggest
a decentralized form.

2.2 Urban Form, Transportation and Environment
Research on urban form should be linked to transportation when one plans the future of
cities. Banister and Lichfield (1995), Dittmar (1995), Anderson et al.(1996) and Farber et
al.(2009) even added the environment and society as a third element since urban form
and travel influence the status of our natural environment and the well-being of our
human society. In the 1990’s, urban design philosophies related to new urbanism, transitoriented development and traditional town planning have emerged with the objective to
lessen the negative environmental and social consequences of a car-oriented society.
These consequences include the consumption of non-renewable resources, the production
of greenhouse gases responsible for global warming and even class and social
segregations. To minimize car use these philosophies all shared three common
transportation objectives (Cervero and Kockelman, 1997): 1) decrease the number of
motorized trips; 2) of the trips generated, increase the proportion that is non-motorized;
3) of the motorized trips generated, reduce the miles traveled and increase the vehicle
occupancy levels.

10

Nowadays, high automobile dependence still exists and becomes even more intense.
More people use the automobile, resulting in more environmental emissions and noise
pollution. In line with the new urbanism paradigm, “Sustainable transportation” and
“Smart growth” are two important concepts that have emerged in the recent literature.
Sustainable transportation as defined by Black (2010) is the ability to meet present travel
and mobility needs without compromising the ability of future generations to meet their
needs for mobility and travel. In essence, sustainable transportation can be thought of as a
concept that attempts to balance the requirements of travel with that of environmental
protection, social needs and economic growth. To achieve a more sustainable
transportation system, there is a need to study travel behavior in cities, including work
trips and non-work trips. This thesis mainly focuses on the former type of trips. Also,
links to urban form should be established when studying commuting behavior in
metropolitan areas. In an attempt to move towards sustainability, many recent studies
have adopted the concept of smart growth to promote sustainable urban forms (Behan et
al. 2008). Here, growth is directed to central areas to achieve mixed land uses such that
commuting distances are reduced and the needs for using the automobile are curtailed.

Congestion is also an important issue with respect to the environment and transportation.
As the root of the transportation problem (Chen et al., 2008), congestion slows down
traffic flow and increases the commuting time in rush hours. The lower travel speed
causes much higher amount of emissions than normal speed. Wang and Chai (2009)
reported that during rush hours, the average motorized vehicle speed in Chinese cities –
Beijing, Shanghai and Guangzhou were only 8 to 12 km per hour. In other large cities
11

over the world, people are also suffering the same problem. To understand congestion,
one needs to study commuting behavior, even though the journey-to-work only makes up
a limited percentage (25% as Sultana and Weber, 2007 pointed out) of all daily trips.
Moreover, work trips somewhat structures other trips (Shearmur, 2006). For example,
people’s place of work is more likely to influence their shopping location than the
opposite. Additionally, commuting trips are more regular and consistent than other trips
such as shopping and social trips (Manaugh et al., 2010). Hence, the study of commuting
patterns and the behavior associated with work trips is vital in transportation research
(Miller and Ibrahim, 1998).

2.3 Urban Form and Travel Behavior
Does urban form influence people’s decisions of travel patterns, travel modes, travel
distance and such? If so, how does it work? To answer these questions, a number of
studies have been completed. Giuliano and Narayan (2003) showed that US cities with
dispersed population and employment, and British cities under a compact form differ in
the level of car-dependence and travel pattern. Dieleman et al. (2002) studied the travel
behavior of workers in the Netherlands. They found that traveled kilometers by car are
much higher than those achieved by other modes, and this number in suburbs and new
towns (21 km/person/day) is apparently higher than that in more “urbanized” cities (14.0
km/person/day in three largest cities and 16.3 in medium-sized cities). Further proof of
the effect of urban form on commuting patterns can be found in the work of Li (2010) for
Guangzhou, China. Owing to the occurrence of suburbanization and evolving urban form,
evidence indicates a reduction of commute difference between males and females in
12

recent years. This suggests convergence in commuting behavior between Guangzhou and
the much less centralized Western cities (the feature of males and females commuting in
Western cities will be discussed in section 2.4). Additionally, Sultana and Weber (2007)
conducted a study for the Birmingham and Tuscaloosa metropolitan areas to investigate
journey-to-work patterns. They found that sprawl lengthens the journey-to-work distance
especially for the workers commuting from suburbs to the urban core.

The findings listed above were obtained by comparing the travel behaviors of the people
living in the urban areas with different forms (i.e. regional type of analysis). On the
contrary, some other studies introduced a series of land use variables characterizing urban
form (as mentioned in section 2.1) and tested their influence on travel behaviors at a more
disaggregate spatial scale. While aggregate-based studies provide a general link between
urban form and travel behavior, the results from the disaggregate analyses is more
beneficial to inform transportation and land use planning. Table 2.1 summarizes the land
use factors used in the literature and the examples of their relative studies.
Density
As an easy-to-calculate attribute of land use, density has been frequently considered in
commuting/travel behavior studies. A considerable number of studies found a significant
relationship between density and commuting/travel distance. These density indices
include population density indices, dwelling density, employment density, etc. Living in
a denser region, people were found to generate shorter commute/travel distance on
average (for example, Dieleman et al., 2002; Sultana and Weber, 2007; and Giuliano and
Narayan, 2003). However, other studies such as Steiner (1994) and Ewing (1994) argued
13

Table 2.1 Land use factors used in the literature
Outcome measurement: travel distance (work purpose, non-work purpose, or all trips)
Land use
Example of variables
Literature example and study area
measurement
Giuliano and Narayan (2003)
1) Household density;
– US and British cities;
Density
2) Population density;
Sultana and Weber (2007)
3) Worker density
– Birmingham and Tuscaloosa, Alabama, US;
Sandow (2008) – North Sweden
Giuliano and Narayan (2003)
Residential
1) Area of residential CMA
– US and British cities;
region
2) Residential location (e.g. suburbs)
Dieleman et al. (2002) – Netherlands
Watts (2009)
Facility
1) Centroid distance from resident to city center;
– 52 Statistical Local Area in the Sydney
proximity
2) Number of facilities within a certain distance
metropolitan area, Australia
1) The jobs to resident employment ratio;
Cervero and Kockelman(1997)
2) The number of jobs that can be reached by a certain mode
– the San Francisco Bay Area, US
Job
within one unit time;
Schwanen et al. (2004) – Netherlands
accessibility
3) Job density;
Cervero and Duncan (2006)
4) Total jobs within a certain distance;
– the San Francisco Bay Area, US
5) Occupationally matched jobs within 4 miles
Sandow (2008) – North Sweden
1) Entropy index;
Extent of land
Cervero and Kockelman(1997)
2) Extent of dissimilarity of land use;
mixing
– the San Francisco Bay Area, US
3) Urban mixed use
1) Proportion of blocks with quadrilateral (i.e. rectangular or Cervero and Kockelman(1997)
Pedestrian
square) shape;
– the San Francisco Bay Area, US
features
2) Perceived safety, mode preference
Handy et al. (2005) – Northern California, US
Infrastructure
1) Proportion of intersections that are four-way (e.g. not T or Cervero and Kockelman(1997)
design
Y intersections)
– the San Francisco Bay Area, US
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that the predictive power of density “lies as a proxy” for some other land use variables.
These variables are usually difficult-to-measure factors such as accessibility to jobs and
facility proximity. For instance, a denser area is usually associated with better facility
proximity that enables residents to complete most of their daily activities over a short
distance. Without considering facility proximity the high density appears important to
shorten daily travel distance, but the influence of the facility proximity might be more
direct. Cervero and Kockelman (1997) provided evidence for the statement of Steiner
(1994) and Ewing (1994). They found that with the presence of accessibility to jobs and
the proportion of blocks with quadrilateral shape, density was not powerful enough to
explain daily personal driven miles in the case of the San Francisco Bay Area.
Geography of residential region
Researchers employed a series of dummy variables to describe the geography of the
region where travelers live. In the case of the Netherlands study by Dieleman et al.
(2002), the factor related to geography included whether the traveler lived in the largest
city, medium-sized one, or suburbs. Giuliano and Narayan (2003) also defined dummy
variables to capture the size of the metropolitan statistical area (MSA) where travelers
lived. They found that people in MSAs with population greater than 3 million tend to
travel much longer compared to other travelers. However, concerned with journey-towork, Dieleman et al. (2002) found that when it comes to the people using car as their
primary mode of transportation, the difference in commuting distance between workers
living in larger cities and medium-sized cities is not significant. Moreover, those living in
suburb/ rural areas commute the greatest, either by car, transit or cycling/walking.
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The literature normally used four categories to describe commuting flows between the
areas forming the metropolis. These categories are central city to central city, central city
to suburb (also called reverse commuting), suburb to central city, and suburb to suburb. If
the dominant commuting flow goes from central city to central city or from suburb to
central city, the region tends to portray a monocentric or polycentric form where most of
people’s

activities

are

concentrated

in

the

center(s).

Conversely,

for

a

decentralized/expanded region, the main journey-to-work flows also include those from
central city to suburb and from suburb to suburb. If the main flows are from central city
to central city, and from suburb to suburb, this reveals a good spatial match within the
area. A good spatial match means there is a match between jobs and housing. In contrast,
commuting flows which are mainly from central city to suburb and from suburb to central
city are indicative of spatial mismatch between place of residence and place of work. In
the Daily Urban System (DUS) derived by Van der Laan (1998) and Louter et al. (2001),
these four typical pairs of commuting flows are named centralized, decentralized, selfconstrained and exchange commuting. Figure 2.1 provides a schematic representation of
them. In other words, urban form influences commuting patterns and commuting patterns
somewhat reflect the nature of urban form.
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Figure 2.2 Schematic representation of the four Daily Urban System (Schwanen et al.,
2004)

In addition to the intra-regional commuting mentioned above, inter-regional commuting
also exists, especially when suburbanization exists. Hanson and Pratt (1995) found in the
case of Baltic countries, that workers who lived in the suburbs were searching/doing jobs
in the respective capitals or other cities. This evidence indicates that in a city with better
proximity or accessibility to its surrounding urban area(s), residents might be more likely
to live in the suburbs. The better proximity or accessibility can be the result of better
travel opportunities associated with car ownership (Rouwendal and Nijkamp, 2004) or
high speed inter-city transit, and high travel/job attractiveness of the surrounding urban
area(s).
Facility proximity and accessibility to jobs
Evidence shows that better facility proximity or a higher accessibility to jobs can
significantly reduce travel/commuting distance (Cervero and Kockelman, 1997; Winter
and Farthing, 1997; Wang, 2000). As pointed out before, these two attributes are hard to
calculate compared to the density indices. Therefore, the first step should be to find out
the measurement of this attribute that correctly represents the facility proximity (or

17

accessibility to jobs). Also, how the tested variable can serve as a tool for land use
planning is another concern.

With respect to facility proximity, distance from city core and number of amenities
within a certain distance from the place of home were the two main measurements
reported in the literature (Cervero and Kockelman, 1997; Handy et al., 2005; Potoglou
and Kanaroglou, 2008; Watts, 2009, Zhao et. al., 2011). Watts (2009) found that with
longer distance from inner city, people commute longer in the case of Sydney. However,
this measurement might only be valid for monocentric cities, since under a monocentric
form, the majority of facilities are centralized. The distance from the inner city is, hence
equivalent to the distance to the facilities. Different from Watts (2009), some other
studies (Cervero and Kockelman, 1997; Handy et al., 2005; Potoglou and Kanaroglou,
2008; and Zhao et al., 2011) used a more specific index to capture the proximity to
facilities for a traffic analyzed zone (TAZ). This index is represented by the number (or
the proportion) of concerned amenities (such as commercial land use, grocery stores,
pharmacies, theaters and bus stops) within a TAZ. In Cervero and Kockelman (1997), the
facility proximity did not show a significant impact on travel distance. However, as noted
by Handy et al. (2005), a better proximity of facility is associated with less driving
demand in the case of Northern California. Additionally, in the case of Beijing, China,
Zhao et al. (2011) found that better proximity of facility could reduce the commuting
time of an individual.
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Focusing on commute, a more commonly-used land use attribute related to proximity is
the accessibility to jobs. Accessibility to jobs identifies the ease of access to the
opportunity of jobs for a given zone. To capture this land use attribute, the number of
jobs within a certain distance from the place of resident was used in the literature (for
example, Cervero and Duncan, 2006). Also, a gravity-based measure of job accessibility
was used in the literature (Cervero and Kockelman, 1997; Shen, 2000; Wang, 2000; Chu,
2002). Accessibility is calculated as follows:
 



   




 .

   ∗  

where, N is the total number of TAZ;   is the function of travel time cost.
This gravity-based measure of jobs is actually measuring the number of jobs that can be
accessed within a time unit. It does not only reflect the number of jobs in a destination
that increase the accessibility, but also uses the impedance index (i.e. travel time cost) to
represent friction of space. The most commonly used forms of the impedance function
!"

  are the exponential function e!"#$% , and the power function t '( . Cervero and
Kockelman (1997) found that a higher accessibility to jobs reduces the daily personal
vehicle miles traveled. This finding was further backed up by Cervero and Duncan (2006)
for work-tours in the case of the San Francisco Bay Area.
Extent of land use mixing
As Stead and Marshall (2001) mentioned, the mixture of land use directly impacts the
physical separation of activities and is therefore a determinant of travel demand. Some
literatures (Cervero, 1989; Gordon and Richardson, 1997; Peng, 1997; Redfearn, 2009;
and Modarres, 2010) gauged the influence of land use mixing through the balance of job19

housing. Cervero (1989) concluded that improvement of the balance between jobs and
housing may promote less commuting demand. Modarres (2010) suggested to enhance
the job-housing balance of each emerging major urban center by connecting them with a
logical mixture of transit in order to efficiently support the “shift from urbanism to
metropolitanism”. However, Peng (1997) pointed out that the improvement of jobhousing balance is ineffective when the job-housing ratio falls between 1.2 (job-poor
areas) and 2.8 (job-rich areas). Zhao et. al., (2011) argued that past studies overlooked a
reality: the job considered in the job-housing balance should be the one matched to the
household. They therefore created the “home-based job accessibility” to measure the
local job-housing balance. The home-based job accessibility is a dummy variable which
takes a value of 1 when the worker works inside the sub-district where his/her home is
located, and 0 otherwise.

In addition to the above indices applied to measure job-housing balance, mixed density
index was also used in the studies conducted by Chu (2002) and Potoglou and
Kanaroglou (2008). Mixed density index is defined as:
)*+ 
where, ,* : 23

2 4

,* - .*
1

1
1
,* / .*
,* / .*
in TAZ i; .* : 54 4

in TAZ i.

According to Chu (2002), Potoglou and Kanaroglou (2008) and Behan et al. (2008),
mixed density measures the level of mixture between employment and residence. A
higher mixed density indicates a better balance between jobs and housing. Moreover, it
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would also reflect a higher level of transit, higher land costs, and greater accessibility to
amenities. Evidence showed that higher mixed density decreases auto ownership.

As an alternative to job-housing balance, the land use mixing was also considered to
explain travel behavior in the literature. Studies such as Cervero and Kockelman (1997),
Chu (2002), and Potoglou and Kanaroglou (2008) employed various land use categories
to measure the extent of land use mixing through an entropy index. The division of land
use categories varied in different studies. These categories could be, for example
commercial, industrial, government and recreation land use. Entropy index in TAZ i is
calculated using the formula:
6 ∑8 38 ln38 
ln;
where, pk =

<=>< ?@ A<BC!DE> F<G>H?=I 8 JGKB GK> F>BEDE G=<FG
<=>< ?@ GK> F>BEDE G=<FG

;

K : the total number of land-use categories considered.

Entropy values range from 0 to 1. A 0 value means homogeneous land use in TAZ i.
Conversely, 1 indicates a heterogeneous land use in the TAZ, and an even distribution of
all land use categories. Chu (2002) and Potoglou and Kanaroglou (2008) agreed that
higher mixed land use decreases automobile ownership in households. However, few
studies (see for example, Manaugh et al., 2010) showed a significant relationship
between travel distance and land use mixing.
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Cervero and Kockelman (1997) further created other indices, namely dissimilarity index
and vertical mixture index, to represent and capture the extent of land use mixing. The
dissimilarity index is literally the average proportion of dissimilar land use among the
hectare grid cells within a TAZ. People in a TAZ with a higher dissimilarity value were
found to be more likely to choose a non-single occupant vehicle mode for non-work trips.
Pedestrian features and infrastructure design
The measure of pedestrian features and infrastructure design varies in different cases.
However, the reason to include this variable is the same: to test if the bicycle-, walkingoriented or transit-infrastructure designs decrease the demand of private vehicle usage
and promotes the use of high occupied vehicles or green and active modes (e.g. bike).
Cervero and Kockelman (1997) found that higher proportion of neighborhood blocks
with quadrilateral design results in a less pedestrian friendly community and increases the
daily personal vehicle travel distance, regardless of the type of trips conducted. Handy et
al. (2005) considered variables such as: the outdoor spaciousness (such as lots of offstreet parking, garages or driveways), the attractiveness of the neighborhood (such as
variety in housing styles and big street trees), and the quietness of neighborhood to
capture pedestrian features. The result showed a significantly positive relation between
outdoor spaciousness and personal vehicle miles driven.

2.4 Socio-economic Attributes and Commuting Behavior
Besides land use characteristics, socio-economic attributes are also very important factors
influencing and explaining the travel behavior of people. The literature found that gender,
household income, household attributes, modes of transportation and employment status
22

explain individual’s commuting behavior. With respect to commuting distance, the
majority of studies (see for example: Dieleman et al., 2002) demonstrated that highincome people generate long commutes. In the case of Birmingham, USA (Sultana and
Weber, 2007) however, people with higher household income commute shorter distances.
Studies on North American and European cities (for example Giuliano and Narayan,
2003; and Buliung and Kanaroglou, 2002) agreed that in general females commute
shorter than males, but Li (2010), in the case of Guangzhou, China, obtained the opposite
result for the year of 2001. Regarding household types, people in a two- or multi-worker
household are more likely to commute longer than people in a single-worker family in
general (Juliean and Ahmed, 2010; Guliung and Kanaroglou, 2002).

Different from the findings of land use effects, the estimation of socio-economic factors
cannot easily benefit planning policy, since it is unreasonable to control people’s socioeconomic characteristics such as gender and household type through policy. However,
the effect of socio-economic factors should be controlled for when modeling commute to
account for the heterogeneity in commuting behavior. Understanding the contribution of
socio-economic factors can also help to understand which group of people the planning
policies should target (Buliung and Kanaroglou 2002).

2.5 Canadian Studies
In the context of Canada, previous studies on commuting behavior mainly focused on
large urban areas such as the Greater Toronto Area (GTA) (see for example in Buliung
and Kanaroglou, 2002) and Montreal (for example, Manaugh et al., 2010; and Julien and
23

Ahmed, 2010). The study by Buliung and Kanaroglou (2002) focused on the relationship
between socio-economic effects and commute. They regressed the commuting distance in
the GTA against socio-economic and location factors at the micro level. The socioeconomic factors were gender, employment status, transportation mode to work,
household types (i.e. single- or multi-worker family), and the presence of children (≤ 15
years old). Also interaction terms were tested. Table 2.2 lists the factors considered in
each linear regression model Buliung and Kanaroglou (2002) estimated. From model 2,
they discovered that males with full-time employment on average commute the longest.
Model 3 indicates that males driving to work are associated with the longest commute. In
model 4, males in a single worker household with children (≤ 15 years old) were found
to commute the longest among different sampled groups.

Table 2.2 Factors considered in each regression model in Buliung and Kanaroglou (2002)
Model
Location
factor

Accessibility to employment opportunities

I. Gender
II. Employment status (full time=1;0
otherwise)
Socioeconomic III. Mode (Auto=1; 0 otherwise)
factors
IV. Household type
(Multi-worker family=1; 0 otherwise)
V. Presence of kids (Yes=1; 0 otherwise)
Socio-economic interaction term
R2

1

2

3

4

√

√

√

√

√

√

√
√
√

√

√

√
√
√
√
N/A
I×II I×III I×IV×V
0.121 0.122 0.123 0.122

Note: “√” means included in the model.

As part of the analysis, the GTA study split the commuting population to calculate excess
commute for males with full-time jobs, males driving to work, and males in multi-worker
households without kids. These three groups of people were found to commute the
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longest as the corresponding model indicated. Therefore, they had the highest potential to
generate more excess commute than the rest of commuters. Finally the authors concluded
that to make a more realistic policy designed to reduce the unnecessary commute in urban
areas, one should focus on the travel behavior of the specific groups with highest levels
of unnecessary commute. In the GTA, the group related to the highest unnecessary
commute was the male with full-time employment. The work in this thesis also focuses
on analyzing the behavior of commuters in several other Canadian metropolitan areas at
the micro level.

While the study by Buliung and Kanaroglou (2002) was mainly focused on socioeconomic effects, the study of Manaugh et al. (2010) for Montreal considered both sociodemographics and land use variables (such as accessibility measures and neighborhood
typologies) in the regression model to explain commuting distance. With respect to land
use characteristics, they found that better accessibility to jobs reduces commuting
distance. Also their results indicated that the land use attributes of home play a more
important role in trip length than the land use characteristics at place of work.
Interestingly, the commute ending in suburbs was not shown to be longer than the work
trip to non-suburbs on average. This also implied the importance of a good job-housing
mixture in suburbs. To address policy, Manaugh et al. (2010) suggested congestion
pricing and better regional transit services to encourage transit use and discourage long
commute.
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In addition to the work by Manaugh et al. (2010), Juliean and Ahmed (2010) conducted a
study on commute in Montreal concerning one- and multi-worker households. The
authors concluded that although multi-worker households commute longer than singleworker households on average, the former type of households tried to live close to work
for at least one member of the household. Also Juliean and Ahmed (2010) advocated that
land use mixing provides more jobs near residences, and thus decreases commuting
distance effectively.

2.6 Methods for Modeling Commute
2.6.1 Linear regression models
In the literature, the most common method used to estimate the relation between
commuting distance and various explanatory variables is the linear regression model. In
this model, commuting distance 4B of worker n is regressed against explanatory factors
LB8 , taking the form:
dN  βP / β XN / βR XNR / ⋯ / βT X NU ( k: the number of factors considered )
Considering the skewed distribution of the dependent variable (i.e. commuting distance),
Buliung and Kanaroglou (2002) and Handy et al. (2005) modified their linear regression
models using a natural logarithm transformation. Here, the form becomes,
lndN   βP / β XN / βR X NR / ⋯ / βT XNU ( k: the number of factors considered )
The advantage of using the natural logarithm of the distance is to transform the observed
distribution of distance. Most observed commuting distances tend to form a wide
distribution that is far from normal distribution. As a result, the use of raw distance as the
dependent variable will violate the principle assumptions of the regression model.
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2.6.2 Summary of the explanatory factors in commuting behavior studies
Table 2.3 provides the study areas of the case studies reviewed. Table 2.5 lists the
explanatory factors affecting commuting distance as they appeared in the studies included
in Table 2.4. The hypothesized effect is also provided along with an explanation of the
anticipated hypothesis.

Table 2.3 Case studies on commuting distance and their study areas
Studies
Buliung and Kanaroglou (2002)
Dieleman et al. (2002)
Schwanen et al. (2004)
Handy et al. (2005)
Cervero and Duncan (2006)
Sultana and Weber (2007)
Watts (2007)
Sandow (2008)
Juliean and Ahmed (2010)
Li (2010)
Manaugh et al. (2010)

Study area
the GTA, Canada
Netherlands
Netherland
North California
the San Francisco Bay Area
Birmingham and Tuscaloosa, AL, US
Sydney, Australia
North Sweden
Montreal, QC, Canada
Guangzhou,China
Montreal, QC, Canada
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Table 2.4 Explanatory factors affecting commuting distance and their effects
Factors

Studies
Buliung and Kanaroglou (2002);
Schwanen et al. (2004);
Handy et al.(2005);
Cervero and Duncan (2006)
Li (2010)
Schwanen et al. (2004);
Handy et al. (2005);
Manaugh et al. (2010);

Effect

----

Full time

Sandow (2008);
Dieleman et al., (2002);
Watts(2007); Li (2010);
Sultana and Weber (2007)
Sandow (2008)
Buliung and Kanaroglou (2002);
Juliean and Ahmed M (2010);
Dieleman et al. (2002);
Schwanen et al. (2004)
Buliung and Kanaroglou (2002)
Sandow (2008)
Buliung and Kanaroglou (2002)

Working hours

Watts (2007)

-ve

Flex-time
privileges

Cervero and Duncan (2006)

+ve

Driver’s license

Handy et al. (2005);
Cervero and Duncan (2006)

+ve

Gender
(Female
dummy)

Age

Household
income

Household type

Married
No.of
workers
or
members
Presence
of kid(s)

-ve
+/-ve
-ve

Explanation
Most of the studies agreed that female commutes shorter than male in general. Li
(2010) however, obtained the opposite result in Guangzhou for year 2001. For year
2005, the gender difference in commute showed the same trend as most of other
studies.
Younger people commute longer than old people on average. Sandow (2008) used
dummy variables to compare different age groups, while others used continuous
age.

-ve
-ve
-------

Most likely, workers with higher income commute longer since they are more likely
to afford car(s), fuel and other driving cost. But the study by Sultana and Weber
(2007) is an exception.
Married workers commute shorter.
People in multi-worker family commute longer than others
People in two-worker family commute the longest

----

Two-worker couples commute the longest

+ve
-ve
+ve

The presence of kid(s) increases the commuting distance in the case of the GTA, but
shortens the commute in the case of North Sweden.

+ve

Full-time employment lengthens commute
Residential area with more workers working no more than 15 hours per week is
related to longer commute.
Flex-time privileges lengthen commute. They offer employees the opportunity to
avoid peak-hours. Therefore employees have less constraint to commute long.
People with driver’s license commute longer than those without license.
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Factors
Auto mode

Studies
Buliung and Kanaroglou (2002)

Occupation

Cervero and Duncan (2006);
Li (2010)

Education

Autoownership

Dieleman et al. (2002);
Schwanen (2004);
Watts (2007); Sandow (2008)
Dieleman et al. (2002);
Schwanen et al. (2004);
Cervero and Duncan (2006);
Sultana and Weber (2007);
Watts (2007)

Effect
+ve
----

+ve

+ve

House-owner

Sultana and Weber (2007);
Watts (2007)

+ve

White people

Sultana and Weber (2007)

+ve

Living in
sprawl
Density
CMA size
Accessibility to
jobs or jobhousing
balance

Dieleman et al. (2002);
Schwanen et al. (2004);
Sultana and Weber (2007)
Sultana and Weber (2007);
Sandow (2008)
Dieleman et al. (2002)
Buliung and Kanaroglou (2002);
Schwanen et al. (2004);
Cervero and Duncan (2006);
Watts (2007); Sandow (2008)

+ve
-ve
+ve
-ve

Explanation
People using auto mode commute longer than those using other modes.
Professional occupation lengthens commute the most. In Li (2010), self-employed
people were found to commute the shortest. However, Cervero and Duncan (2006)
reported that full-time students commute the shortest.
Highly educated people are associated with longer commute than less educated
people. Most likely, the jobs of highly educated people are more specific which
cannot be easily found near home.
People with more cars commute longer. Having one or more autos per household
provide workers with a more flexible schedule. Also the higher speed of auto than
other modes (e.g. transit and biking) increases the accessibility to jobs.
These two studies are at the regional level, not at a micro level. Both studies
concluded that the residential zones with higher percentages of house owners are
more likely to be related to longer average commute.
Residential zones with higher percentages of white residents are more likely to have
longer average commute.
Sprawl lengthens commute.
The densities used in these two studies were household density and population
density. The authors found that people living in denser regions commute shorter.
Average commute in a larger CMA is longer.
Higher accessibility or better job-housing balance provides more chances for
workers to find a job nearby, and therefore shortens commute on average.
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CHAPTER III
METHODS OF ANALYSIS
3.1 Introduction
This chapter describes the methods used throughout this thesis to address the objectives
outlined in section 1.2. The first section introduces the four Canadian study areas and
their general characteristics in terms of land use. This is followed by an introduction of
the datasets that the analysis is based on. Next, the considered socio-economic factors are
listed. A description is provided to introduce the land use variables selected to capture the
effects of urban form. The same section also describes the methods used to create these
variables. In the third section, descriptive statistics is provided to quantify the overall
commuting patterns and land use characteristics of the chosen study areas. The last
section presents the theoretical background on the techniques used to model commuting
distance. These techniques include linear regression models, ordered logit model, and
ordered probit model.

3.2 Study Areas
In this thesis, four Canadian Census Metropolitan Areas (CMAs) are selected for
analysis. Starting in the west of Canada and moving east, the chosen CMAs are Calgary,
Windsor, Ottawa-Gatineau, and Halifax. Also these four CMAs represent small- and
large-size metropolitan areas. Windsor and Halifax, the two small-size CMAs share
similar population size. This provides the chance to compare commuting behavior in
small Canadian CMAs. In contrast, the use of Calgary and Ottawa-Gatineau (the two
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large-size CMAs with similar population size) is beneficial to study and compare
commuting behavior in large Canadian CMAs. The order of discussion pertaining to the
four CMAs is Windsor, Halifax, Calgary, and Ottawa-Gatineau.

The first analyzed city chosen in this study is the southernmost CMA of Canada –
Windsor. According to the 2006 Canadian Census, this metropolitan area has a
population of 323,342 and a density of 316.12/km2. With a total area of 1,022.84 km2, 70
census tracts that comprise the CMA represent the traffic analysis zones (TAZs). Figure
3.1 shows the land use spatial distribution of each TAZ for Windsor in 2006. As the
capital of the Auto Industry in Canada, Windsor is covered by a large area of industrial
land use. Those industrial lands are scattered across the north-west part of the entire
CMA. The distribution of the residential area also exhibits a dispersed pattern in
Windsor. Moreover, Windsor is a highly car-dependent region. According to the 2006
Canadian Census, 90% of all commuters (83% drivers, and 7% passengers) used auto to
commute. As a result, the efficiency of commute directly affects air quality, resource
consumption and transportation condition in rush hours.

The Halifax CMA is located on the East Coast of Canada within the province of Nova
Scotia. Its 2006 population is 372,858 distributed among 87 census tracts that cover a
total area of 5,495.62 km2. A majority of the population is located in the west side of the
entire CMA. As shown in Figure 3.2, commercial, government and institutional, resource
and industrial land uses are prominent in the central area at the southwestern part of the
CMA. This central area covers the Halifax Peninsula, Mainland South and Dartmouth.
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Within this central area, the residential area forms three main clusters. A few residences
could be found in suburbs, but there is a clear separation between the urban and rural
residential areas. Also, the residences in the suburbs are segregated from other
occupation-related land uses. Halifax is considered as a less auto oriented CMA with
75% of its workers (64% drivers, and 11% passengers) using auto as commuting
transportation mode. 13% and 11% use public transit and walk (or ride a bike) to work
respectively. By comparison, 3% and 4% use public transit and walk (or ride a bike) to
work in Windsor.

Figure 3.1

Land use spatial distribution in the census tracts of Windsor in 2006
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Figure 3.2

Land use spatial distribution in the census tracts of western Halifax in 2006

Figure 3.3

Land use spatial distribution in the census tracts of Calgary in 2006
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The Calgary CMA, with a population of 1,079,310 and an area of 5,107.43 km2, is the
third considered area in this thesis. It is geographically located in the foothills and high
planes to the east of the Canadian Rocky Mountains. Because of its rich natural
resources, this CMA has a considerable amount of resource land use coverage. According
to Figure 3.3, activities related to commerce, government service, recreation, residence,
resource and industry are mainly concentrated in the mid-southern part of the CMA.
Residential land use has evolved within the boundary of the main city. Same as Halifax,
Calgary has 75% of workers commuting by auto (68% drivers, and 7% passengers). The
proportions of workers taking public transit and walking (or biking) to work are 17% and
6% respectively.

The fourth and final studied CMA is Ottawa-Gatineau. With an area of 5,716 km2 which
is five times the area of Windsor, the Ottawa-Gatineau CMA houses a population of
1,130,761. The residential areas in this CMA are mainly concentrated in the center of the
CMA. However, compared to Calgary, there is more residential land use located sparsely
far from the center. The Ottawa River separates this CMA into two parts – Ottawa and
Gatineau. As the capital of Canada, Ottawa-Gatineau has a much larger area of
government and institutional land use when compared to the other CMAs in this thesis.
Among the four studied CMAs, Ottawa-Gatineau has the smallest proportion (69%) of
workers who use auto to commute (61% driver, and 8% passengers), and the highest
percentage (17%) of workers taking transit to work. 6% of the workers in this CMA
choose to walk (or ride a bike) to their places of work.
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Figure 3.4

Land use spatial distribution in the census tracts of Ottawa-Gatineau in 2006

3.3 Datasets for Analysis
3.3.1 Data sources
In the analysis, several datasets are used to cover all of the factors that contribute to
commuting distance in the study areas. The confidential records from the 2006 Canadian
Census form the basis for the analysis. These records are accessible at the Research Data
Center (RDC) at Leddy Library in the University of Windsor. Canadian Census survey is
a national survey conducted every five years. In the census year of 2006, 32.5 million
people over 12.7 million households were expected to answer the survey. This survey
contains both short questionnaire (8 questions about for example name, gender, date of
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birth, marital status, common-law status and first language) and long questionnaire (53
questions relating to age, sex, marital status, dwelling characteristics, citizenship status,
mobility, language, ethnic origin, income, education, shelter costs and so on). Long
questionnaire forms are delivered to every fifth home over the country, primarily the
residents in urban areas (Statistics Canada, 2006 census questionnaires and guides). One
of the key questions in the survey is the mode chosen to travel to work and the postal
code of the place of work. Consequently, the micro dataset from the 2006 Canadian
Census includes individual information on commuting distance (capped within 201km),
home and workplace addresses, household attributes and ample of socio-economic
variables. The commuting distance is calculated as the Euclidean distance between the
residence and the place of work that the surveyed individuals provided (Statistics Canada,
Census Operations Division, October 2008).

In addition to the confidential dataset of the 2006 Canadian Census, the publicly available
records of the census tract in 2006 Canadian Census, the land use cover and road network
information of the four CMAs as provided by Desktop Mapping Technology Inc. (DMTI)
and Natural Resource Canada are used to calculate the land use attributes of each TAZ.
The 2006 census tract shapefiles for the four CMAs are attained from Statistics Canada
and used as the basis for the calculation and mapping of land use attributes. The DMTI
data is accessible to researchers at the University of Windsor through a data liberation
initiative (DLI) agreement. The data provides a rich source of spatial information about
types of land uses including roads for all Canadian cities. The GeoBase files from Natural
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Resource Canada contain detailed attributes (e.g. number of lanes) of the nation’s road
network.

3.3.2 Software
The software applied in this thesis includes ArcGIS 9 and IBM SPSS Statistics 19. The
former is used to deal with land use and transportation datasets, while the latter is applied
for statistical analyses. ArcGIS 9 is a Geographical Information System (GIS) which
provides a suite of integrated applications including mapping, geographic analysis, data
editing and compilation, data management, visualization, and geo-processing. The data
editing, compilation and management tools in ArcGIS are employed to organize and
harmonize all the data files used in the analysis. For instance, the intersect tool is used to
intersect the original land use polygons for a given CMA with the corresponding TAZ
polygons to create the land use polygon at the TAZ level in this thesis. The measuring
tool is then used to calculate the area of a single land use type within a certain TAZ. Also,
ArcGIS is employed to perform network data analysis. For instance, using the DMTI
road network and the locations of all the origin and destination, the network analyst
extension of ArcGIS can calculate the origin-destination cost matrix in minutes. This
matrix is instrumental when one calculates the accessibility measures. Moreover, the
mapping application helps to visualize the data (such as land use categories and density
of the geographic areas).

In this thesis, IBM SPSS Statistics 19 is applied to perform the statistical analysis. The
confidential records are read directly by SPSS. To join the land use data to the
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confidential records, the table merge application is used. Defining and coding different
variables is essential before the regression analysis. SPSS includes various regression
analysis methods such as linear regression, binary regression and ordinal choice
regression. Estimated coefficients, overall goodness of fit, significance evaluation,
assumption test, correlation test and so on are the elements of the output files produced
by SPSS. Also, the prediction of the outcome for each case in the modeled samples is
produced by SPSS to understand the predictive power of estimated models at the micro
level. Additionally, tools such as frequency summary and cross tables in SPSS provide
the descriptive statistics for any analyzed variable.

3.3.3 Socio-economic characteristics
In order to explain the commuting behavior in the study areas, both socio-economic
factors and land use variables are considered in the modeling work. Socio-economic
factors (listed in Table 3.1) are extracted from the confidential records of the 2006
Canadian Census. They include all the socio-economic factors which are found to
influence the commuting distance significantly in the literature (except flex-time
privileges, driver’s license and auto-ownership shown in Table 2.4). Also the list in Table
3.1 includes some new variables that were thought to have an impact on commuting
distance. These new variables are the number of house maintainers, presence of
mortgage, mobility, citizenship status, number of years being an immigrant, and hours
spent in childcare, housework and senior care. All the factors are either continuous or
categorical variables. Categorical variables are converted into a series of dichotomous
variables (also called dummy variables) before being added into the estimated models.
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Transportation modes, for example include four categories: auto, bike or walking, transit
and other modes. Therefore four dummy variables (named auto, bike or walking, transit
and other modes) are used in the estimated models. The variable “auto” is coded as 1 if
the worker used car, van, truck, or motorcycle as transportation mode of commuting, and
0 otherwise. Similarly, the variable “bike or walking”, “transit”, and “other modes” are
coded in the same way.
Table 3.1 Socio-economic characteristics considered
Variables
Gender

Transportation modes

Age
Annual household income
after-tax*
Marriage
Employment status
House owner
Weekly working hours

Household type

Presence of kid(s)

Occupational type

Description
Female=1; Male=0
Auto: Transportation mode of commuting is car, van, truck, or
motorcycle (as driver or passenger)
Bike, or walking
Transit
Others
Different age groups:
Aged 15 to 19; aged 20 to 24; aged 25 to 34; aged 35 to 44; aged
45 to 54; and aged 55 to 64
Low; medium; high
Single; Married; Separated
Full-time=1; 0 otherwise
Yes=1; 0 otherwise
Number of working hours per week
Married couple with children; Married couple without child;
Common law couple with children; Common law couple without
child; Lone parent family; Person living alone
Number of workers in household: Single-worker, two-worker,
multi-worker
With or Without kid(s) aged 0-1; 2-5; 6-14; 15-24; or 25 and older
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing, manufacturing and
utilities
Sales and service
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Variables
Education
Race
No. of house maintainer
Presence of mortgage
Mobility
Citizen status
Immigrant year
Hours spent in childcare
Hours spent in housework
Hours spent in senior care

Description
Lower than high school; Equivalent to high school; Higher than
high school but lower than bachelor; Bachelor; higher than
bachelor
Black; White; Chinese; Philippines; Japanese; Korean; LatinAmerican; South Asian; Southeast Asian; West Asian
Number of the house maintainer
With mortgage =1; 0 otherwise
Lived in a different census subdivision in the last 1 year =1; 0
otherwise
Citizen=1; 0 otherwise
0-2 years; 3-5 years; 6-10 years; more than 10 years
Number of hours spent in childcare without payment per week
Number of hours spent in housework without payment per week
Number of hours spent in senior care without payment per week

* The low income cut-offs were calculated based on the average household size, population of CMA, and
Statistics Canada Catalogue no.75F0002MIE, no.004. The low income cut-offs calculated for Windsor,
Halifax, Calgary and Ottawa-Gatineau were 20,478.75 CAD, 20,070.72 CAD, 24,696.74 CAD, and
24,214.24 CAD, respectively. 80,000 CAD was used as the critical value between medium and high
income groups.

3.3.4 Land use attributes
The considered land use attributes are all numeric variables. Besides the commonly-used
factors reported in the literature (i.e. density, accessibility to jobs, entropy index, and
mixed density index), two new variables (i.e. dissimilarity index and density of wide
roads) are created as well. All these attributes capture four aspects on land use (see Table
3.2): density, accessibility, diversity and balance, and infrastructure design.

1) Density
For a TAZ, four density indices are considered:
1) The population density is the ratio of TAZ population to its area (in square
kilometer);
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2) The household density measures the number of total occupied private dwellings
per square kilometer in the census tract. According to Statistics Canada, an
occupied private dwelling refers to a private dwelling in which a person or a
group of persons is permanently residing, or a private dwelling whose usual
residents are temporarily absent on Census Day;
3) The labor density quantifies the zonal density of existing and potential workers in
the labor market; and
4) The worker density gauges the density of existing workers (of the census year of
2006) in a TAZ.
These densities were calculated using the publicly available census tract data for the year
2006.
Table 3.2 Land use attributes considered
Theme
Density
Accessibility
Diversity and balance
Infrastructure design

Land use measurements
Population density of census tract
Dwelling density of census tract
Labor density of census tract
Worker density of census tract
Accessibility to jobs
Entropy index
Mixed density index
Dissimilarity index
Density of wide roads
(i.e. the streets with more than 4 lanes)

2) Accessibility
Gravity-based accessibility for a given TAZ i is defined as:
  




 .

   ∗ V36W 

where, N is the total number of TAZs in a CMA.
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Here, V36W  is used as the impedance function of travel time cost from zone i to
zone j. Since parameter β cannot be estimated from data, a series of different β values are
set and tested. Eventually, the accessibility with a β of 0.25 provides the most significant
effect. 0.25 is therefore set as the value of β to calculate the accessibilities.  is the freeflow shortest path driving time from TAZ i to TAZ j, measured through the origindestination (OD) cost matrix obtained in ArcGIS. In order to calculate the OD cost matrix
for a CMA, the road network from DMTI data and the corresponding TAZ shapefile are
used. After calculating the centroid of each TAZ, the network analyst of ArcGIS
measures the free flow shortest path driving time between each pair of TAZs using the
free-flow travel time provided in the DMTI road network.

3) Diversity and balance
Diversity and balance are captured through three different indices: entropy index, mixed
density index and dissimilarity index. According to the literature, entropy index EIi for
TAZ i measures the level of land use mix and takes the following form:
X+ 

6 ∑8 38 ln38 
ln;

Where,
38 

<=>< ?@ A<BC!DE> F<G>H?=I 8 JGKB GK> F>BEDE G=<FG
<=>< ?@ GK> F>BEDE G=<FG

K: number of total land-use categories considered (i.e. seven in this analysis).

It should be noted that the land use categories in X+ contained not only residential,
commercial, resource and industrial, government and institutional area, but also open area
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and water body. Open area and water body might be irrelevant to job opportunities, but
they probably impact residential location decisions. Eventually, residential location
decisions determine commuting distance. In order to measure the area of each land use
category within the census tract, the land use coverage from the DMTI data is intersected
with the TAZ shapefile in ArcGIS. Based on this new intersected shapefile, the geometry
calculation is applied to measure the area of each land use category pertaining to the
corresponding TAZ. Then the total area of all the land use categories in each TAZ and
the ratio 38 are computed by using the pivot table tool with all the area information
extracted from ArcGIS.

Following the work of Chu (2002), Potoglou and Kanaroglou (2008) and Behan et al.
(2008), the mixed density index is also considered in this analysis. This index is
expressed as:
)*+ 
where, ,* : 23

2 4

,* - .*
,* / .*

in TAZ i; .* : 54 4

in TAZ i.

Residential density, represented by population density is obtained from the publicly
available census tract data in 2006. Employment density is calculated based on the job
distribution and the area of TAZs provided by Statistics Canada.

Dissimilarity index is a new variable created in this analysis. It reflects how many
workers in TAZ i are spatially segregated from the jobs in that TAZ. It is defined as
follows:
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where, , and ,`ab are the employed workers of census tract i and the whole CMA
respectively.

In essence, this index is a measure of the inequality between workers and jobs within a
TAZ. A negative dissimilarity index of TAZ i indicates that the percentage of all the
CMA workers distributed in TAZ i is smaller than the percentage of all the CMA
employment. That is, there is plenty of jobs for the workers in TAZ i to find. With a
positive value, the dissimilarity index implies a lack of jobs within TAZ i compared to
the workers this TAZ has. A value of zero for the dissimilarity index means that the
workers and jobs are distributed equally in TAZ i.

4) Infrastructure design
In this theme, the factor considered is the total length of roads with four or more lanes per
km2 within the TAZ. The use of this factor can help determine the influence of major road
infrastructure in a TAZ on commuting behavior. It is hypothesized that higher density of
wide roads might lead people to drive more, other things being equal. As a result, people
living or working in TAZs with higher density of road capacity might commute longer
than those in TAZs having narrower roads. Also higher density of road capacity might be
a proxy for areas with newer development. Often, the area defining the city center exists
for years. Therefore, historical buildings and more dense residential areas limit the
development of wide road infrastructure in the core. Newly developed areas such as the
outer city, conversely, provide more space to satisfy the requirement of city expansion
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and better infrastructure. The road network file from the GeoBase data includes the
number of lanes for each road. Therefore, in order to measure the total length of the roads
in each TAZ (i.e. each census tract) with no less than four lanes, the road network from
the GeoBase data is intersected with the TAZ shapefile.

3.4 Descriptive Statistics
Descriptive statistics pertaining to commuting distance for the four studied CMAs in
2006 are summarized in Table 3.3. The smallest CMA in this study – Windsor has the
least number of observations (i.e. 26,308) among the studied CMAs. Conversely, OttawaGatineau, the largest-size-CMA has the highest number of observation (i.e. 100,364).
With respect to commuting distance, the two small CMAs – Windsor and Halifax share
almost the same median which is around 6.65 km. Calgary and Ottawa-Gatineau have the
same median of commuting distance (i.e. 8.2 km). However, the mean and standard
deviation of commuting distance for the CMAs with similar sizes have significantly
different values. For instance, the mean in Halifax is 1.1 km more than that in Windsor,
and even slightly more than the average commuting distance in Calgary. OttawaGatineau has the longest mean among the four CMAs, while Halifax has the highest
standard deviation. The differences in mean and standard deviation among the studied
CMAs suggest that commuting distance is more spread out in both Halifax and OttawaGatineau when compared to Windsor and Calgary.

Tables 3.4 to 3.7 present the statistical summaries of the land use variables for Windsor,
Halifax, Calgary, and Ottawa-Gatineau in 2006. Also in order to better understand the
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urban forms of these CMAs, population density, job density, accessibility to jobs and
entropy index at the TAZ level are mapped in Figures A-1 to A-16.

Table 3.3 Statistics of the commuting distance of studied CMAs (full sample) in 2006
Studied CMAs
Windsor
Halifax
Calgary
Ottawa-Gatineau

Commuting distance (km)
Mean Median Std. deviation
9.59
6.60
12.08
10.50
6.70
14.94
10.09
8.20
11.48
11.44
8.20
14.51

Number of
full samples
26,308
32,141
94,415
100,364

Table 3.4 Descriptive statistics of land use variables for Windsor in 2006
Land use variables
Population density (per km2)
Dwelling density (per km2)
Labor density (per km2)
Worker density (per km2)
Accessibility to jobs (103 per min)
Entropy index
Mixed density index (per km2)
Dissimilarity index
Wide road density (m/km2)

Mean
1,940.02
822.45
1,576.93
873.40
22.14
0.44
512.15
0.00
453.38

Median
1,851.96
696.91
1,489.12
853.28
24.64
0.44
397.54
0.27
319.36

Std. deviation
1,315.542
659.03
1,090.02
543.82
11.21
0.16
562.85
0.82
504.34

Min.
26.47
9.50
21.22
14.19
0.27
0.02
3.67
-2.65
0.00

Max.
5,594.05
2,815.48
4,422.62
2,172.62
38.47
0.72
3,092.72
1.10
2,148.80

Table 3.5 Descriptive statistics of land use variables for Halifax in 2006
Land use variables
Population density (per km2)
Dwelling density (per km2)
Labor density (per km2)
Worker density (per km2)
Accessibility to jobs (103 per min)
Entropy index
Mixed density index (per km2)
Dissimilarity index (%)
Wide road density (m/km2)

Mean
1,794.40
835.22
1,545.83
984.67
19.59
0.43
527.85
0.00
27.26
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Median Std. deviation
Min.
Max.
1,603.61
1,762.84
2.25 8,793.75
648.26
946.46
0.99 5,229.17
1,311.97
1,594.13
1.94 8,270.83
772.00
1,042.67
0.81 4,885.42
15.31
16.86 0.0002
57.28
0.43
0.16
0.00
0.77
255.37
750.62
0.48 4,191.41
0.22
0.96
-4.75
1.25
0.00
88.98
0.00
712.49

Table 3.6 Descriptive statistics of land use variables for Calgary in 2006
Land use variables
Population density (per km2)
Dwelling density (per km2)
Labor density (per km2)
Worker density (per km2)
Accessibility to jobs (103 per min)
Entropy index
Mixed density index (per km2)
Dissimilarity index (%)
Wide road density (m/km2)

Mean Median
2,461.88 2,369.63
1,002.00
911.60
2,034.99 1,939.29
1,459.37 1,350.30
43.90
34.73
0.37
0.36
494.28
287.77
0.00
0.13
366.51
18.13

Std. deviation
1,643.81
890.93
1,453.29
1,111.19
34.31
0.17
753.40
0.74
646.69

Min.
Max.
0 12,152.63
0 7,517.54
0 11,447.37
0 9,114.04
0.05
158.46
0.00
0.78
0.00 5,587.38
-8.51
0.76
0.00 4,311.74

Table 3.7 Descriptive statistics of land use variables for Ottawa-Gatineau in 2006
Land use variables
Population density (per km2)
Dwelling density (per km2)
Labor density (per km2)
Worker density (per km2)
Accessibility to jobs (103 per min)
Entropy index
Mixed density index (per km2)
Dissimilarity index (%)
Wide road density (m/km2)

Mean
2,612.80
1,145.47
2,172.69
1,386.97
51.53
0.47
641.43
0.00
304.87

Median Std. deviation Min.
Max.
2,475.43
2,127.16
0 11,596.55
936.73
1,151.47
0 8,137.93
2,000.00
1,856.12
0 11,146.55
1,264.90
1,212.00
0 8,316.97
38.22
44.36
0.01
170.50
0.48
0.20
0.01
0.86
373.47
825.31
0.00 7,120.57
0.09
0.44
-5.55
0.36
70.37
501.39
0.00 3,083.66

The lack of gradual change in population density from the core of the city to its suburbs
in Windsor (see Figure A-1) reflects a discontinuous form. Several relatively dense
population clusters in the outer periphery of the CMA clearly reveal a leapfrog pattern.
These clusters include two on the west boundary, one in the central part and one in the
east side of the CMA. These clusters occur in LaSalle, Amherstburg, Tecumseh, and
Lakeshore municipalities, respectively. Although the distribution of jobs appears
dispersed (see Figure A-2), it is slightly more compact than the distribution of population.
The highest job density is in the core of the city of Windsor. Accessibility to jobs forms a
radial pattern and becomes less dense with distance from the center to the outer periphery
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of Windsor (Figure A-3). Also, it seems most of the TAZs with relatively high land use
mixing are close to highways (Figure A-4).

As shown in Figures A-5 and A-6, the population and employment of the Halifax CMA in
2006 are more compact when compared to those in Windsor. The statistics of the density
indices in Tables 3.4 and 3.5 also arrive at the same conclusion. The mean and median of
each zonal density index in Windsor and Halifax are similar, but the standard deviation
and maximum densities are much higher in Halifax than those in Windsor. The
population distribution in Figure A-5 defines Halifax as a multinucleated CMA with three
distinct nuclei. These nuclei are the urban core in city of Halifax (the south west nuclei in
the Figure A-5), the urban area right across the harbor to the north east (Dartmouth), and
lower Sackville (the northern nuclei). All the nuclei are connected via highways.
Furthermore, at the core within city of Halifax close to the harbor, the job density reaches
an extreme value of up to 30,023.44 per km2. However, apart from this area, the density
drops dramatically. Therefore, it could be concluded that Halifax might have been a
compact CMA in the past. Recently, the distribution of residents in this CMA has
transformed to give rise to a multinucleated form, but employment has maintained its
centrality. The maps of accessibility to jobs and the entropy index (Figures A-7 and A-8)
again imply a multinucleated pattern in Halifax.

Similar to the population distribution in Windsor, population in the Calgary CMA was
distributed discontinuously in 2006 (see Figure A-9). This implies a decentralized urban
form. Compared to population distribution, the employment distribution shows a more
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compact pattern. In downtown, job density is even as high as 60,308.64 per km2. The
clustering of employment seems associated with the highway network. Two relatively
dense settlements are located in the suburbs as Figure A-9 shows. However they are more
negligible or in earlier stage of development when compared to those clusters in the outer
CMA of Windsor. The accessibility to jobs in Calgary (see Figure A-11) shows a radial
pattern as that in Windsor. Additionally, the map of entropy index for the Calgary CMA
again indicates a discontinuous form in terms of the level of land use mixing.

The Ottawa-Gatineau CMA had a decentralized population distribution in 2006 (Figure
A-13). In the center of this CMA, population is denser in areas closer to highways.
Discontinuity of population clusters in the outer periphery suggests the development of
urban sprawling. In contrast to the population distribution, employment distribution in
Ottawa-Gatineau is clearly monocentric (Figure A-14), and gets overwhelmingly high at
the traditional city core. This implies that Ottawa-Gatineau was likely a monocentric
CMA in the recent past, although the population is moving outwards without welldefined center(s). The accessibility to jobs in Ottawa-Gatineau as in Figure A-15 forms a
radial shape. Jobs can be highly reached in the traditional urban center.

To summarize, all the above descriptions for the four studied CMAs point to the fact that
jobs are more centralized than population. That is, the horizontal spatial expansion of
employment happens after the decentralization of population (Muller 1995). However the
extent of this process varies in the different CMAs.

49

1) The Windsor CMA is under a dispersed urban form as portrayed by its
employment and population spatial distributions. Suburban clusters are associated
with some municipalities (i.e. LaSalle, Amherstburg, Tecumseh and Lakeshore)
in the outer CMA.
2) The population distribution in the Halifax CMA reflects a shift of urban form
towards a multinucleated pattern. However, the compact employment distribution
is indicative of the monocentric form in this CMA in the recent past.
3) Calgary seems to be a sprawling CMA that enjoyed a monocentric form in the
past. The population of the Calgary CMA is distributed discontinuously but the
job distribution is apparently less decentralized.
4) The Ottawa-Gatineau CMA was highly compact in terms of its employment
spatial distribution, but its population is moving outwards without any welldefined center(s). This is indicative of the emergence of urban sprawl.
Therefore, among the two small size CMAs in this study, Windsor shows a dispersed
urban form but Halifax is shifting towards a multinucleated form. As for the two larger
size CMAs, their traditional cores still plays an important role in terms of employment.
However, employment appears to be more centralized in Ottawa-Gatineau. Further, the
population in these two CMAs seems decentralized although Ottawa-Gatineau shows a
higher level of residential sprawl. The distinct difference between population and
employment distributions in Ottawa-Gatineau might explain its high standard deviation
and its noticeably high average of commuting distance.
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3.5 Statistical and Econometric Methods
3.5.1 Commonly used method – Linear regression models
Linear regression models are the most commonly used method to estimate the relation
between commuting distance and a set of explanatory variables. In this model,
commuting distance 4B of worker n is regressed against explanatory factors LB . The
model takes the following form:
4B  WP / W LB / WR LBR / ⋯ / WA LB8 ( k: the number of factors considered )
(3.4.1)
Although some studies showed a reasonable goodness of fit in the estimated regression
models (e.g., Giuliano and Narayan, 2003; Sultana and Weber, 2007), others obtained
relatively low R2 values (<0.1) (e.g., Dieleman et al., 2002; and Li, 2010). The reason of
the latter results could be traced back to the skewed distribution of the dependent variable
(dn), or the method used. To account for the problem caused by skewed distribution of the
dependent variable, Buliung and Kanaroglou (2002) and Handy et al. (2005) modified
their linear regression models using a natural logarithm transformation. In the modified
model, the dependent variable was the natural logarithm of commuting distance.
Consequently, the regression model becomes:
ln4B   WP / W LB / WR LBR / ⋯ / WA LB8 ( k: the number of factors considered )
(3.4.2)
As a result, the reported R2 in these two studies were 0.12 and 0.154 respectively which
were higher than the R2 reported in Li (2010) (less than 0.1).
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Another improvement to enhance the explanatory power and predictive ability of the
model could be to consider an alternative model which captures the travel behavior of
commuters as far as commuting distance. In some surveys, the commuting distance was
calculated as the Euclidean distance between commuter’s place of residence and place of
work. Such a measure can be misleading as it does not necessarily reflect the actual
commuting distance, though it is a good approximation. Also despite the fact that the
commuting distance is continuous, it does not necessarily reflect the actual behavior of
commuters. The reason is that when choosing his/her residence, the commuter would not
be concerned with the exact distance between home and place of work. Instead, the
commuter is usually choosing the residence as long as the distance falls within a given
range. For example, a worker could accept a commute in the range of 10 – 15 km, but a
30-km-trip is unacceptable. In other words, a 10, 11 or 12 km commute would be no
different from the traveler’s perspective. Concerned with such an effect and potential
behavior, one would consider an ordered choice model as the alternative method to the
traditional linear regression model.

The traditional linear regression model is a purely statistical model that assumes a linear
relationship between the dependent (y) and independent variables (x). As such, the model
does not make any behavioral assumptions about the causal relationships between x and
y. That is, the model is non-behavioral from a theoretical perspective. By comparison, the
ordered choice model has a strong theoretical foundation which is rooted to microeconomic theory. In this model, the decision maker (commuter) makes a rational decision
about where to live with respect to his/her place of work. Faced with a set of choices
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(different commuting distance brackets), the decision maker will choose the alternative
that has the highest utility. Even if the decision maker knew the exact distance he/she
wishes to locate with respect to work (which is very unlikely), the ordered choice models
have the flexibility to capture the decision making process of the commuter.

3.5.2 Alternative method – Ordered choice models
Ordered choice (OR) models hold the assumption that people would rank a specific
object according to how great the utility of this object is to them. For the commuting
distance problem in this thesis, if we assume q distance brackets, then the general form of
the ordered choice model is:
B
B
B

where,

B

1
2
⋮
j


cB d e ,
 e h cB d eR ,
⋮

cB k el! .

3.4.3

is the order of a specific (i.e. commuting distance bracket) observed for

individual n; e , eR , … , el! are the thresholds for utility cB (Greene and Hensher,
2010). In this thesis, the q is set to 7 distance brackets, which are defined as (0 – 5 km),
[5 km – 10 km), [10 km – 20 km), [20 km – 25 km), [25 km – 30 km), and [30 km – 201
km).

If one assumes eP  6∞, eq  /∞, then equation (3.4.3) can be concisely written as:
B

 2  er! h cB d er 2  1,2, … ,7

where, m is the order or class of a certain commuting distance bracket.
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3.4.4

Since the utility cB consists of a systematic term tB which is deterministic and an error
term B that is unobservable by modelers, (3.4.4) can be expressed as:
B

 2  er! h tB / B d er 2  1,2, … ,7

3.4.5

Rearranging equation (3.4.5) yields:
B

 2  er! 6 tB h B d er 6 tB 2  1,2, … ,7

3.4.6

Here B is a random term. The assumptions used in this thesis regarding the probability
density function of B either results in an ordered logit or an ordered probit model. In the
ordered logit (ORL) case, B is assumed to follow a standard logistic distribution
(μ  0, σR 

z{
|

). Accordingly the choice probability of the mth class can be formulated as

follows (McCullagh, 1980):
Pr

B

 2  Prer! 6 tB h B d er 6 tB 
 Λer 6 tB  6 Λer! 6 tB 



1
1
6
3.4.7
1 / exp6r 6 tB  1 / exp6r! 6 tB 

where, Λ is the cumulative distribution (i.e. the integral) of the logistic probability density
function.

On the other hand, in the ordered probit (ORP) case μ  0, σR  1, B is assumed to
follow a standard normal distribution (Zavoina and McKelvey, 1975). Therefore, the
choice probability of the mth class is,
Pr

B

 2  Prer! 6 tB h B d er 6 tB 
 Φer 6 tB  6 Φer! 6 tB 
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3.4.8

where, Φ is the cumulative probability of the normal probability density function.

Traditionally, the most computationally convenient form of the systematic utility function
(tB ) is the linear in parameter function, which takes the form:
tB  WP / W LB /∙∙∙ /WG LGB /∙∙∙ /W LB  

3.4.9

where,  is a row vector describing the parameters of each variable in  .  is a column
vector of which the first row element is constant 1 pertaining to individual n; and T is the
total number of the variables considered.

The maximum likelihood estimation method is a commonly used technique to estimate
the parameters W and thresholds e of the ordered choice models. The likelihood function
provides the joint probability of observed choices made by all the observed decision
makers. The mathematical expression (Greene and Hensher, 2010) is:


a



B



5er – tB – 5er! 6 tB 

r

3.4.10

where, N is the total number of individuals in the sample; rB =1, if individual n chooses
B=

m; 0 otherwise.

To simplify the computation, the natural logarithm of  is maximized instead of L. The
natural logarithm takes the following form:
a



log     rB log5er – tB – 5er! 6 tB 
r B
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3.4.11

The the W’s and e’s are obtained by maximizing log . The maximization of log  is
based on the assumption that the observed outcome is the one that is most likely to have
occurred. Hence the W’s and e’s that maximize log  can explain the effect of the
specified variables in tB efficiently. The method used to obtain the W’s and e’s by
maximizing log  is the Lagrangian multipliers technique.

In the literature, another formulation of the ordered choice model is presented in which
the ordered choice process can be treated as a series of binary choices (Bhat and
Pulugurta, 1997; Hardy and Bryman, 2009). Based on formula (3.4.3), if an individual
commutes, say, between 5 km and 10 km, the binary choice theory assumes that the
process of his/her choice-making follows these steps:
1) Make choice in the range of commuting distance between shorter than 5 km and
longer than 5 km. In order to do so, the individual compares the utility of the
commuting distance available to him/her with the threshold λ1. If the utility of
commuting distance is more than λ1, the individual chooses to commute longer
than 5km.
2) Make choice on the range of commuting distance between shorter than 10 km and
longer than 10 km. Then the individual compares the utility of the commuting
distance with λ2. If the worker thinks the utility of commuting distance is lower
than λ2, he/she decides to commute less than 10 km. Then the binary choice
process stops.
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From 1) and 2), it is obvious that the individual chooses to commute between 5 km and
10 km. If the utility of commuting distance is lower than λ1 from the commuter’s point of
view, he/she would stop to make further decisions in the first step and commute shorter
than 5 km. If the individual evaluates that the utility of commuting distance is higher than
λ2, his/her response would be to choose a commuting distance longer than 10 km. It
should be noted that λ1 is smaller than λ2. Generally speaking, the threshold(s) of a lower
class must be smaller than the threshold(s) of a higher one. For an ordered choice model
with M levels, to finally make the choice decision, an individual at most needs to make
M-1 binary choices. With respect to the commuting distance dealt with in this thesis, the
probability of the choice in each binary choice step can be calculated as:
Pr
Pr

B

Pr

B

B

d 1  5 B d e 6 tB    e 6 tB ,
d 2  5 B d eR 6 tB    eR 6 tB ,
⋮
d 6  5 B d e 6 tB    e 6 tB .

3.4.12

where, L is the cumulative distribution of the probability density function of X.

By estimating each binary model using the maximum likelihood estimation method, the
modeler can obtain a set of coefficients. Since all the binary models use the same utility
function shown in formula (3.4.9), the estimated coefficients for a certain factor in all
binary models are supposed to be the same (or at least close to each other). This is the
parallel line assumption in the ordered choice model. If the coefficients of a certain
variable X are significantly different in the series of binary models, the parallel line
assumption is violated. That is, the utility function should not be the same for all the
categories in the ordered model.
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3.6 Summary
This chapter presented the methods of analysis used in this thesis. Section 3.1 provided a
brief introduction of the four study areas chosen in terms of their geographic features.
This is followed by a description of the data sources and software used for the analysis.
Also the potential factors influencing the commuting behavior in the study areas were
defined, as well as how they were calculated from the collected data sources (section
3.2). These factors include both socio-economic characteristics and land use attributes.
The descriptive statistics in section 3.3 revealed the characteristics of commuting distance
and various land use factors of the four studied CMAs. Also a brief description of urban
form for these CMAs was covered. Finally, section 3.4 described the methods used to
explain commuting behaviors in previous studies. Moreover, it discussed the problem
existing in this method and suggested an alternative approach that might improve the
results from the conducted modeling exercise.
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CHAPTER IV
ANALYSIS OF RESULTS
4.1 Introduction
This chapter presents the results obtained using the statistical methods described in
Chapter three. These models are estimated to investigate the relationship between
commuting distance and various explanatory factors in the chosen Canadian CMAs. All
the analyses were conducted using IBM SPSS Statistics 19. The results include three
parts:
1) The evaluation of different methods to explain the commuting distance with focus
on the Windsor CMA as a case study.
2) The illustration of the similarities and differences in commuting behavior among
the four studied CMAs using the most suitable method as identified from 1).
3) The analysis of extreme commute (i.e. very long commuting distance) in the four
CMAs.
In the first part, special attention is paid to the predictive ability and explanatory power of
the different estimated models using Windsor as a case study. The second part answers
the question of whether the nature of urban form affects commuting distance in the
Canadian context. Part three unveils the potential reasons which explain why certain
people have extremely long commute in the studied metropolitan areas.
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4.2 Comparison of Methods: the Case of Windsor CMA
4.2.1 Full sample models
This section compares the different statistical models in terms of explanatory power and
predictive outcome. These methods include two linear regression models LR1 and LR2,
and two ordered choice models OR1 (ordered logit model) and OR2 (ordered probit
model). The LR1 model takes the commuting distance dn as its dependent variable, while
the LR2 model uses the natural logarithm of commuting distance as its dependent
variable. The entire population of commuters in Windsor is considered in the analysis of
this section.

The results obtained from the four models are listed in Table 4.1. While the initial model
runs included all the explanatory variables listed in Chapter three, only the significant
variables are kept in the final specification of the models. For instance, variables such as
weekly working hours, presence of kids and immigrant year are not significant in the
estimated models. Consequently, they are dropped from the final models. With a much
higher value of adjusted R2 (0.307), the LR2 model shows a better explanatory power
than the LR1 model. A natural logarithm transformation in the LR2 model adjusts for the
skewness in the distribution of the dependent variable dn. Ln (dn) produces a normal
distribution that the linear regression model requires. Another difference between the two
LR models is the predicted outcome. The use of the commuting distance directly as the
dependent variable risks the chance of obtaining a negative commuting distance if the
model is to be used for predictive purposes. However, commuting distance can never be
negative. In contrast, the LR2 model will always predict a positive commuting distance.
60

Table 4.1 Results of linear regression models and ordered models for Windsor (full sample)
Model
Dependent/type of the model
Constant
Threshold 1
Threshold 2
Threshold 3
Threshold 4
Threshold 5
Threshold 6
Variables
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing,
manufacturing and utilities
Sales and service

LR1
Commuting
distance
Coeff.
14.625 (11.880)

LR2
Ln(commuting
distance)
Coeff.
1.998 (21.079)

OR1

OR2

Logit

Probit

Coeff.

Coeff.

-2.590 (-12.220)
-0.781 (-3.694)
0.249 (1.177)
0.887 (4.195)
1.573 (7.418)
2.065 (9.701)

-1.328 (-10.769)
-0.287 (-2.332)
0.288 (2.334)
0.630 (5.108)
0.978 (7.919)
1.205 (9.742)

-0.778 (-4.846)
2.019 (1.703)
-0.828 (-0.679)
3.075 (2.457)
Reference
1.277 (4.247)
1.166 (4.958)
2.196 (5.890)
1.311 (4.044)
1.041 (3.646)
-0.324 (-0.557)
1.665 (6.495)

-0.094 (-7.635)
0.543 (5.952)
-0.768 (-8.168)
0.595 (6.178)
Reference
0.099 (4.274)
0.169 (9.333)
0.230 (8.021)
0.174 (6.981)
0.122 (5.551)
0.010 (0.226)
0.189 (9.597)

-0.216 (7.858)
0.300 (1.475)
-1.947 (-8.896)
0.336 (1.558)
Reference
0.203 (4.009)
0.358 (8.931)
0.402 (6.467)
0.350 (6.418)
0.309 (6.331)
0.023 (0.224)
0.370 (8.535)

-0.125 (-7.836)
0.201 (1.695)
-0.904 (-7.228)
0.170 (1.354)
Reference
0.147 (4.998)
0.212 (9.105)
0.272 (7.522)
0.219 (6.880)
0.183 (6.453)
0.003 (0.055)
0.234 (9.277)

2.169 (9.353)

0.254 (14.229)

0.456 (11.551)

0.308 (13.464)

Reference

Reference

Reference

Reference
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Model

LR1
Commuting
distance
Coeff.
-1.415 (-4.328)
0.826 (3.049)
0.546 (2.651)
Reference
-0.665 (-3.338)
-0.822 (-3.302)
0.742 (3.747)
-0.183 (-1.253)
4.306 (11.403)
-4.125 (-8.198)
-0.328 (-44.517)
Adj. R2 = 0.130

LR2
OR1
OR2
Ln(commuting
Dependent/type of the model
Logit
Probit
distance)
Coeff.
Coeff.
Coeff.
Aged 15 to 19
-0.202 (-8.012)
-0.633 (10.833)
-0.311 (-9.272)
Aged 20 to 24
0.005 (0.243)
-0.091(-1.840)
-0.036 (-1.351)
Aged 25 to 34
0.073 (4.632)
0.152 (4.402)
0.088 (4.398)
Aged 35 to 44
Reference
Reference
Reference
Aged 45 to 54
-0.064 (-4.178)
-0.146 (-4.375)
-0.085 (-4.342)
Aged 55 to 64
-0.090 (-4.711)
-0.210 (-4.987)
-0.134 (-5.474)
Fulltime
0.125 (8.199)
0.263 (7.684)
0.147 (7.386)
With Mortgage
0.001 (0.097)
-0.021 (-0.864)
-0.026 (-1.782)
Lived in different census subdivision in last 1 year
0.162 (5.560)
0.328 (5.217)
0.239 (6.554)
Entropy of residential TAZ
-0.402 (-10.366)
-0.841 (-9.853)
-0.483 (-9.711)
Accessibility to jobs of residential TAZ
-0.035 (-61.510) -0.103 (-73.421)
-0.053 (-69.392)
Goodness of fit
Adj.R2 = 0.307
ρ2 = 0.129
ρ2 = 0.117
LL(0)
-51193.00
LL(const.)
-40124.02
LL(estimated)
-34942.65
-35423.86
Parallel line assumption
Violated
Violated
2
Note: Bold = sig. at p< 0.01, Italic = sig. at p< 0.05; ρ =1-LL(estimated)/LL(const.)
t-statistic in parenthesis. For the two OR models, the t-stat is calculated as the square root of the Wald provided by the SPSS
outputs.
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In the case of the two ordered choice models, the rho-square values are close to each
other. Also the sign and significance of the estimated coefficients in the two models are
similar. Moreover, both models are formulated to capture the commuting distance classes
for working travelers. Therefore, we can conclude that no apparent superiority in the
predictive ability and explanatory power of the two ordered models exist. Additionally, it
should be noted that the parallel line assumption in both ordered models is violated as
reported by SPSS. That is, some variables have different impact across different
commuting distance classes. Therefore, it might be better to use separate utility functions
to present the utility of different commuting distance ranges (refer to formula 3.4.9 in
section 3.5.2). However, the results obtained from the ordered models are fairly
comparable to those achieved from estimating the linear regression model (as will be
discussed later on in this chapter). Therefore, one can deduce that the parallel line
assumption violation problem is not severe, and would not affect the credibility of the
estimated ordered models in this thesis.

Comparing the results between the LR models and the OR models, one can find that the
LR2 model and the two OR models produced similar results in terms of the significant
factors explaining the observed commuting distance in Windsor. Although the models are
comparable, a few key points should be highlighted when performing comparisons. In the
LR2 model, for a variable X with coefficient β one unit increase in X is associated with β
units increase in ln(commuting distance), other things being equal. Given the attributes of
an individual, the estimated LR2 model can directly predict the commuting distance as a
numeric value. However, in the ordered choice models, for a positive coefficient β, one
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unit increase in the variable increases the utility of commuting distance by β units. As a
result, the probability of choosing a longer distance category will be higher (refer to
section 3.5.2). The commuting distance category (bracket) being chosen ultimately is
determined based on the comparison of the choice probabilities across all distance
categories. The distance category with the highest choice probability is the final predicted
outcome. Therefore, it can be concluded that the LR2 model requires less computational
requirement and appears to be more time efficient in terms of its estimation and
prediction application. Also, from a statistical perspective, the numeric commuting
distance predicted by the LR2 model is more straight-forward if the exact commuting
distance is required when performing predictions.

In the estimated LR2, OR1 and OR2 models, gender, occupation, age, fulltime
employment status, mobility of census subdivision in the last one year emerged as the
most significant socio-economic factors influencing commuting distance in Windsor
CMA. Also, the level of land use mixing measured through the entropy index and
accessibility to jobs of residential TAZ are the most significant land use variables
affecting commuting distance.

Consistent with previous studies focusing on urban areas in North America (such as
Buliung and Kanaroglou, 2002; Sultana and Weber, 2007; Manaugh et.al, 2010), the
estimated LR2, OR1 and OR2 models suggest that on average females commute shorter
than males. Compared to people with part-time jobs, fulltime employees tend to commute
longer in general. Also it is interesting that workers who changed their residence in the
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last one year (i.e. 2005) (as discerned from the mobility variable) are found to commute
longer than those who moved in an earlier year or those who never moved for years. The
use of migratory status was seldom considered in previous models. As the findings
suggest here, recently people are more likely to move to zones far from their workplace.
Since jobs are more accessible in the city core as shown in Figure A-3, locating far from
traditional places of work might represent a moving trend away from the city core. That
is, the test of mobility variable provides evidence relating longer commuting distance to
urban sprawl.

Also, the type of occupation has an impact on commuting distance among different
workers. For instance, workers with sales and service jobs, and workers with jobs related
to art, culture, religion or sport have the shortest commuting distance in the analyzed
models (see Table 4.1). Usually, the above types of jobs, especially sales and services are
most likely to be located near residential areas (Maoh and Kanaroglou, 2009). People,
therefore, can easily and probably find sales and service jobs near home. Conversely, as
the LR2, OR1 and OR2 models indicate, workers with occupations unique to primary
industry or to processing, manufacturing and utilities are associated with the longest
commuting distance in Windsor. This can also be explained by the spatial distribution of
the jobs pertaining to these occupations. Because of the influence on air quality and the
production of harmful pollutants, industrial factories are usually located on sites far from
residential areas. Consequently, the separation between place of residence and place of
work for workers in the primary and manufacturing industry is large. These workers tend
to have a longer commuting distance. Furthermore, when looking back at the spatial
65

distribution of land uses in Windsor CMA in 2006 (Figure 3.1), one would notice that
industrial and resource land use is fairly dispersed both in the inner CMA and the
suburbs. While earlier development of factories happened in the current inner CMA
(which used to be suburban land), recent development has occurred in the suburbs. This
provides further evidence regarding the horizontal urban expansion and sprawl of this
Canadian CMA.

In addition, the commuting pattern of people from different age groups is significantly
different. All three models (LR2, OR1 and OR2) indicate that compared to people 35 to
44 years old, older people commute shorter. Moreover, workers 25 to 34 years old
commute the longest on average in Windsor. On the contrary, young workers 15 to 19
years old produce the least amount of commute. One explanation could be related to the
fact that young workers are either students doing part-time jobs or people with limited
education in which the jobs they have do not require advanced skills. Example of the
latter may include jobs in sales and services. Usually these kinds of jobs are easy to find
across the city and provide the opportunity for young people to work close to home. Also
15 to 19 years old people are most likely single. As a result, compared to couples or
families, they can more easily change residence to locate closer to work if necessary.

The transportation mode variables in the models suggest that the mode used to commute
has an impact on commuting distance. Intuitively, with more flexibility and faster speed,
automobile would be affiliated with the longest commute. However, in the LR2 model,
the coefficient of transit is slightly but surprisingly higher than that of automobile. The
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reason for this counter-intuitive result might be due to the land use factor – accessibility
to jobs of residential TAZ. Although the correlation between accessibility to jobs and
transit mode is approximately 0.14, the nature of the relation between them is enough to
produce the unexpected result in the transit mode parameter. This relation is that a
considerable proportion of people taking transit to work live in TAZs with relatively high
accessibility to jobs, other things being equal. However, the coefficient of auto and biking
or walking factors explains the commuting distance more intuitively. Automobile
produces longer commute, while biking and walking are related to extremely short
commutes. As the two ordered choice models indicate, the difference in the influence of
auto and transit on commuting distance is not significant. However, people using these
two modes have a higher probability of longer commute relative to people using bike or
walking, all else being equal.

Apart from socio-economic factors, land use attributes are also vital to explain the
commuting behavior in Windsor. As all the models indicate, accessibility to jobs of
residential TAZ has a noticeable significant effect on commuting distance. People living
in TAZs with higher job accessibility commute shorter. Entropy is also an important
factor affecting commuting distance. All the models indicate that higher entropy shortens
commute. Higher entropy means higher heterogeneity level of land use types in the TAZ.
Higher level of land use mixing offers more proximity to facilities such that people could
have a higher chance of finding a job near their places of residence. Hence, it can be
concluded that the commute generated from a TAZ with high land use mix is relatively
short.
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4.2.2 Models excluding outliers
Of the models presented in section 4.2.1, the highest adjusted R2 is 0.307 provided by the
LR2 model. That is, 30.7% of the variance in the commuting distance in Windsor CMA
is explained by this model. Nevertheless, there is a need to pay attention to the large
standard deviation and average, which are much higher than the median shown in Table
3.3. These two statistics imply the existence of outliers in the full sample that the models
in Table 4.1 potentially could not explain. In order to understand the reason of the
unexplained variance (e.g. the variance caused by extremely long observed commute), a
sample split is needed in the analysis.

The comparison in section 4.2.1 suggests that among the four models, the LR2 model
performs the best. Therefore the outliers are determined based on the predictive outcomes
attained from this model. Residual analysis is performed to determine the outliers in the
modeled sample. If the absolute difference between the predicted and observed
commuting distances is higher than 4 km (this value varies among different CMAs, see
note 1 at the end of Chapter IV), the observation in the sample is categorized as an
outlier. It should be noted that the outlier observations were selected such that the
average of the residuals from the remaining observations result in a mean that is close to
zero. Also, attention is paid to make sure that the normal commuting population would
still account for the majority of observations. In the four studied CMAs, the normal
commuters1 occupy 65-78% of the workers from the original sample. The sample split
divides the commuting population into different subgroups – normal and extreme
68

commuting populations. The latter pertains to both extremely long and extremely short
commuters. Here, the normal commuting population represents the group of people
whose commuting behavior can be better explained by the LR2 model. The outliers,
however, are those underestimated or overestimated by the LR2 model. The positive
outliers are those workers who commute much longer than the model estimated, while the
negative outliers are workers commuting much shorter (see Figure 4.1).
Y

Normal commuting population
Positive outliers
Negative outliers

Linear (Normal commuting
population)
X

Figure 4.1 Illustration of outliers and general commuting population

In the case of Windsor, the sample split results in more than 65% of the full population to
form the normal commuting population. However, positive outliers stand for about 25%
of the entire sample. It should be noted that the models addressing the different
subsamples might arrive at different conclusions with respect to the significance or
strength of a certain factor affecting commuting distance. Consequently, in the following
sections, the analysis of commuting behavior focuses on modeling the normal commuting
population and the positive outliers associated with extremely long commutes. Both subsamples form the majority of the observations in the full sample.
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Table 4.2 summarizes the results of the models where outliers are excluded. The number
of observations in these models drops from 26,308 to 17,340. Since the extremely long
(or short) commuting distances are eliminated, there is no observation falling within a
distance longer than 25 km. Therefore only the first five categories of the commuting
distance from the previous OR models reported in Table 4.1 are kept in the new OR
models. Accordingly, the number of thresholds (refer to section 3.5.2) in the OR models
excluding outliers drops to 4.

The goodness of fit in all four models has noticeably improved. The adjusted R2 of the
two linear regression models LR1 and LR2 (0.598 and 0.553) are much closer. That is,
when outliers are dropped, about the same amount of variance in commuting distance can
be explained by the LR model whether or not the natural logarithm transformation is
used. However, in the two ordered choice models the rho-squared varies significantly.
The rho-squared in the ordered probit model is surprisingly high with a value of 0.834.
The reason might be that the exclusion of the outliers allows the commuting distance in
the sample to follow a distribution of errors closer to a perfect normal distribution as a
probit model requires.
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Table 4.2 Results of linear regression models and ordered models for Windsor (normal commuters)
Model
Dependent/type of the model
Constant
Threshold 1
Threshold 2
Threshold 3
Threshold 4
Variables
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing,
manufacturing and utilities
Sales and service
Aged 15 to 19
Aged 20 to 24
Aged 25 to 34
Aged 35 to 44
Aged 45 to 54
Aged 55 to 64

LR1
Commuting
distance
Coeff.
9.625 (30.432)

LR2
Ln(commuting
distance)
Coeff.
1.708 (21.613)

OR1

OR2

Logit

Probit

Coeff.

Coeff.

-4.050 (-10.566)
-0.139 (-0.365)
2.803 (7.290)
6.213 (12.787)

-2.079 (-10.117)
0.014 (0.071)
1.512 (7.338)
2.844 (12.754)

-0.528 (-13.529)
1.943 (6.382)
-1.655 (-5.337)
2.317 (7.331)
Reference
0.341 (4.606)
0.786 (13.866)
1.037 (11.438)
0.680 (8.678)
0.474 (6.825)
0.002 (0.018)
0.697 (11.005)

-0.106 (-10.860)
0.796 (10.466)
-0.684 (-8.827)
0.879 (11.129)
Reference
0.060 (3.236)
0.175 (12.364)
0.207 (9.129)
0.164 (8.385)
0.113 (6.513)
0.036 (1.041)
0.145 (9.161)

-0.453 (-11.091)
1.437 (3.879)
-5.082 (-11.366)
1.840 (4.818)
Reference
0.385 (5.074)
0.800 (13.542)
0.954 (10.643)
0.735 (9.249)
0.582 (7.942)
-0.007 (-0.045)
0.636 (9.863)

-0.240 (-10.590)
0.750 (3.776)
-1.702 (-7.947)
0.940 (4.581)
Reference
0.200 (4.746)
0.429 (13.093)
0.514 (10.295)
0.388 (8.759)
0.315 (7.770)
0.007 (0.084)
0.331 (9.227)

0.956 (16.744)

0.200 (13.997)

0.810 (13.718)

0.430 (13.141)

Reference
-1.342 (-16.937)
-0.088 (-1.341)
0.382 (7.574)
Reference
-0.389 (-8.015)
-0.569 (-9.356)

Reference
-0.231 (-11.652)
0.009 (0.563)
0.078 (6.183)
Reference
-0.066 (-5.443)
-0.104 (-6.871)

Reference
-1.369 (-14.756)
-0.113 (-1.643)
0.355 (6.991)
Reference
-0.320 (-6.491)
-0.538 (-8.575)

Reference
-0.687 (-13.687)
-0.065 (-1.714)
0.180 (6.357)
Reference
-0.175 (-6.362)
-0.292 (8.381)
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Model

LR1
Commuting
distance
Coeff.
0.678 (14.094)
0.019 (0.530)
0.734 (7.357)
-2.545 (-20.262)
-0.222 (-114.216)
Adj. R2 = 0.598

LR2
OR1
OR2
Ln(commuting
Dependent/type of the model
Logit
Probit
distance)
Coeff.
Coeff.
Coeff.
Fulltime
0.149 (12.418)
0.625 (11.980)
0.323 (11.259)
With Mortgage
0.021 (2.347)
-0.024 (-0.658)
-0.011 (-0.562)
Lived in different census subdivision in last 1 year
0.086 (3.465)
0.671 (6.752)
0.343 (6.205)
Entropy of residential TAZ
-0.360 (-11.462) -2.005 (-15.529) -1.007 (-13.891)
Accessibility to jobs of residential TAZ
-0.040 (-81.471) -0.200 (72.900)
-0.104 (75.777)
Goodness of fit
Adj. R2 = 0.553
ρ2 = 0.350
ρ2 = 0.834
LL(0)
-27907.65
LL(const.)
-17831.95
LL(estimated)
-11586.44
-2959.93
Parallel line assumption
Violated
Violated
Note: Bold = sig. at p< 0.01, Italic = sig. at p< 0.05; ρ2=1-LL(estimated)/LL(const.)
t-statistic in parenthesis. For the two OR models, the t-stat is calculated as the square root of the Wald provided by the SPSS
outputs.
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Referring to the coefficients of the explanatory factors, all four models appear to have a
similar pattern when outliers are dropped. However, the estimates from the LR2 model in
Table 4.2 are similar to those in Table 4.1. The effects of gender, transportation mode,
age, employment status, mobility, land use mixing and accessibility to jobs of residential
TAZ on commuting distance appear to be more or less the same as shown in Tables 4.1
and 4.2. However, the influence of occupational type has significantly changed when
different samples were used. The largest drop happens to the coefficients associated with
occupations unique to primary industry or to processing, manufacturing and utilities. In
Table 4.1, this occupation clearly shows the highest level of commute among different
occupational types. However, after the outliers were excluded, the commuting distance
associated with primary industrial occupations becomes the second longest, which is
slightly shorter than the commute produced by the workers related to nature and applied
science jobs. That might be because a substantial percentage of the positive outliers
belong to the primary industrial occupations. Typically, primary industry is located on
suburban land far from residential areas. When all the outliers were eliminated from the
full sample, fewer workers with industrial occupation commute extremely long distances.
Consequently, the industrial workers belonging to the normal commuting population
appear to commute relatively short in the new LR2 model. Conversely, occupation
related to nature and applied science is consistently associated with relatively long
commute even after the outliers were excluded.

The OR1 and OR2 models in Table 4.2 also support the conclusions above. Although the
magnitude of the coefficients in these two models appears different, the comparison of
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the coefficient between different occupational types provides similar evidence to that
revealed by the LR2 model. Here, the change in the magnitude of the coefficients in the
OR models when the outliers were excluded is caused by the change of the threshold
parameters.

Additionally, according to the LR2 models in Tables 4.1 and 4.2, the presence of
mortgage becomes a significant variable when the outliers were dropped. Among the
normal commuting population, workers with mortgage commute longer than the others
on average. The presence of mortgage represents a recent investment in residential
property. Therefore, the spatial segregation of workers with mortgage from their jobs
might imply a sprawling trend. That is, workers who took the step and moved recently,
chose residential areas far from the main employment cluster(s).

4.2.3 Summary of method comparison
To summarize, the LR2 model has the best functionality among the four estimated
models. It shows better explanatory power, provides more realistic and precise predictive
results, and requires less time to specify and estimate than the other models. The ordered
choice models, although producing categorical estimates, arrive at similar conclusions as
the LR2 model. That is, given a dataset with only categorical commuting distance (such
as the public use micro sample of the Canadian Census), one can still explain the impact
of explanatory factors on commuting distance using the ordered choice models.
Secondly, extremely long (or short) commute in Windsor CMA are underestimated (or
overestimated) by the models dealing with the full sample of commuters. As a result, a
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sample split is considered in order to better model the commute behavior of normal
commuting population. Among all the considered factors, gender, transportation mode,
occupation, age, fulltime employment status, mobility of census subdivision in the last
one, entropy index and accessibility to jobs of residential TAZ are found to significantly
influence the commute in the Windsor CMA. Also, accessibility to jobs of residential
TAZ is the strongest land use factor in the estimated models.

4.3 Comparative Analysis for Canadian CMAs
This section applies the LR2 formulation to model the normal commuting behaviors in
the four studied CMAs. Table 4.3 describes the statistics of commuting distances for the
normal commuting population in Windsor, Halifax, Calgary and Ottawa-Gatineau. After
the exclusion of outliers, the mean, median, and standard deviation of commuting
distance in every CMA decrease. However, the mean of commuting distance is higher
than its median in all four CMAs. Windsor and Halifax have about the same median of
commuting distance, but Windsor shows lower average commuting distance and smaller
standard deviation. Calgary and Ottawa-Gatineau share similar average commuting
distance, but the median in Calgary is 0.5 km longer than that in Ottawa-Gatineau.
However, Ottawa-Gatineau has slightly higher deviation in commuting distance than
Calgary.
Table 4.3 Statistics of commuting distance for the normal commuters in the CMAs
Studied CMAs
Windsor
Halifax
Calgary
Ottawa-Gatineau

Commuting distance (km)
Mean Median Std. deviation
5.79
5.40
3.51
6.00
5.20
4.26
7.37
7.20
4.28
7.25
6.70
4.75

Number of
samples
17,340
22,561
73,747
71,753
75

As a first step in the modeling exercise, only the socio-economic factors are included in
the models. The correlation matrices are used to avoid the inclusion of highly correlated
factors in the model. Next, land use factors are also included into the models. Eventually,
only the two most significant land use attributes identified in the case of Windsor remain
in the other CMA’s models. For comparison purpose, the same set of socio-economic
factors is used in the models for all CMAs.

Subsequently, the similarities and differences in the commuting behaviors among the four
CMAs are unveiled. In section 4.3.1, the models with only socio-economic factors are
discussed in order to explain the relationship between commuting distances and socioeconomic factors in the four CMAs. Next, models considering both socio-economic
factors and land use variables are presented and discussed in section 4.3.2. The test of
land use attributes in these models illustrates the extent of the effect of urban form on
commuting distances in the four CMAs.

4.3.1 Impact of socio-economic factors on commuting distances
Table 4.4 summarizes the results of the four regression models investigating the
relationship between commuting distance and socio-economic factors in the CMAs of
Windsor, Halifax, Calgary and Ottawa-Gatineau. As Table 4.4 implies, a number of
similarities with respect to commuting behaviors can be identified in the four CMAs.
Females on average commute shorter than males. Among different-age group workers,
commuters 15 to 19 years old, and those with age 55 to 65 are associated with the
76

Table 4.4 Modeling commuting behaviors with socio-economic factors for Windsor, Halifax, Calgary, and Ottawa-Gatineau
CMAs
Dependent : ln (commuting distance)
Constant
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing,
Sales and service
Aged 15 to 19
Aged 20 to 24
Aged 25 to 34
Aged 35 to 44
Aged 45 to 54
Aged 55 to 64
Fulltime
With Mortgage
Lived in different census subdivision in last 1 year
N (no. of sample)
Goodness of fit (Adj. R2)
Bold = sig. at p< 0.01, Italic = sig. at p<0.05.

Windsor
Coeff.
t-stat
6.245
0.592
-9.052
-0.108
8.884
0.825
-8.352
-0.791
6.791
0.655
Ref.
Ref.
7.562
0.171
14.876
0.257
10.986
0.304
10.080
0.241
8.013
0.170
0.051
1.213
12.331
0.238
14.903
0.259
Ref.
Ref.
-4.768
-0.115
0.020
1.000
2.871
0.044
Ref.
Ref.
-2.985
-0.044
-5.238
-0.097
6.781
0.100
7.386
0.079
4.929
0.150
17,340
0.333
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Halifax

Calgary

Ottawa-

Coeff.
t-stat
-0.743 -11.178
-9.305
-0.099
32.704
2.110
7.752
0.508
29.572
1.938
Ref.
Ref.
7.370
0.133
13.750
0.196
13.495
0.288
7.428
0.148
0.018
0.978
0.049
1.763
16.239
0.342
12.638
0.390
Ref.
Ref.
-7.683
-0.174
0.037
1.971
-0.020
-1.375
Ref.
Ref.
-4.978
-0.068
-7.501
-0.126
12.978
0.176
32.114
0.323
3.244
0.084
22,561
0.458

Coeff.
t-stat
-0.551 -13.235
-0.127 -22.971
47.236
1.926
7.547
0.313
48.502
1.988
Ref.
Ref.
30.741
0.294
50.012
0.381
50.099
0.469
25.766
0.304
20.743
0.217
14.010
0.230
31.162
0.321
29.954
0.404
Ref.
Ref.
-0.258 -23.165
-0.012
-1.228
-0.015
-2.097
Ref.
Ref.
0.003
0.357
-4.043
-0.036
33.270
0.240
43.298
0.221
-0.017
-1.496
73,747
0.428

Coeff.
t-stat
-0.497 -12.203
-0.107 -18.582
46.053
1.828
6.515
0.263
46.680
1.864
Ref.
Ref.
31.067
0.320
45.881
0.382
49.252
0.503
17.576
0.226
24.220
0.237
20.064
0.291
25.637
0.343
18.695
0.376
Ref.
Ref.
-0.226 -17.883
-4.333
-0.047
0.003
0.379
Ref.
Ref.
0.003
0.337
-4.316
-0.041
28.998
0.229
50.952
0.278
7.549
0.109
71,535
0.441

shortest and the second shortest commute, respectively, in general. This finding also
indicates that age needs to be used as a categorical variable in order to capture the
difference in commuting distance among different age-groups of people. However, in the
literature most of the studies (e.g. Schwanen et al., 2004; Handy et al., 2005; and
Manaugh et al., 2010) used age as a continuous variable which might not properly
capture these differences. Fulltime employment status and the presence of mortgage
significantly lengthen the observed commute.

It is interesting that the presence of mortgage shows a very significant positive impact on
commuting distance in Ottawa-Gatineau. The presence of mortgage represents the recent
purchase of residential property by the commuter. In other words, the positive parameter
of the mortgage factor reflects a trend of residential property investment far from
employment location. As mentioned in section 3.3, Ottawa-Gatineau had a traditional
monocentric form. The employment density in its core is still extremely high. The space
for new residential development in the older center of this CMA is very limited. As a
result, new residential development and the investment in owning residential properties
are most likely happening in the outer city, far from the highly dense employment cluster
in the center. Similar trend is also found in Calgary and Halifax CMAs. On the contrary,
in the less centralized CMA – Windsor, the positive effect of the presence of mortgage on
commuting distance is lower and less significant.
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Moreover, the four models in Table 4.4 reveal some differences in commuting behavior
in the four CMAs. These differences are seen in the impact of modes, occupational types,
and the migratory status of the worker based on the mobility variable.

1) Transportation mode to work
In Calgary and Ottawa-Gatineau CMAs, both auto and transit are associated with longer
commute than biking or walking and other modes. However, transit lengthens commute
slightly more than the auto mode in these two CMAs. In contrast, auto is related to the
longest commute in both Windsor and Halifax. The above points might be a result of the
difference in transit service level in these CMAs. In Windsor for example, poor transit
service (e.g. limited number of routes, low frequency and speed) could not provide
workers a flexible schedule or good accessibility to places of work. The constrained
schedule forces people to choose auto which gives more freedom and higher mobility.
The relatively low accessibility by transit discourages workers to choose this mode when
commuting is relatively long.

Also, smaller CMAs are less likely to be plagued with congestion, making it easy for
people to drive. Conversely, the heavily congested traffic in rush hours could affect the
travel behavior of workers in the two larger CMAs. It should also be noted that both
Windsor and Halifax experienced sprawl in recent years. Given the wide spatial extent of
these two CMAs, people living in isolated low density areas are more likely to drive to
work. This is true because regardless of the level of service of the transit system, it is
infeasible to service sprawled residential areas in general. However, transit service in
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Calgary and Ottawa-Gatineau is more developed compared to that in Windsor. A better
transit service in these two larger CMAs might be due to the existence of well connected
routes, Bus Rapid Transit (BRT) and Light Rail Transit (LRT). These all offer high levels
of accessibility and mobility to workers around the inhibited areas.

In addition to auto and transit modes, the commute related to biking or walking also
varies in the different CMAs. In Windsor, biking and walking decrease the length of
commute compared to the “other modes”. This indicates that workers who use these
modes in Windsor do not travel too far. However in Halifax, Calgary and OttawaGatineau, biking or walking has a positive impact on commuting distance. This finding
might imply the preference of green and active modes of transportation to commute in
these particular CMAs.

2) Occupational types
Occupational types among the normal commuting population show different impact on
commuting distance in the four CMAs. In Windsor, Calgary and Ottawa-Gatineau,
occupation related to nature and applied science is related to the highest commute level
on average. However, jobs unique to primary industry, processing and manufacturing
increase commuting distance at a much higher rate than nature- and applied-sciencerelated occupations do in Halifax. Additionally, occupations associated with art, culture,
religion or sport has similar influence on commuting distance as sales and service jobs for
workers in Windsor and Halifax. In Calgary and Ottawa-Gatineau however, culture-,
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religion- or sport-associated jobs lengthen commutes significantly when compared to
sales and service jobs.

3) The mobility between census subdivisions in 2005
As shown in Table 4.4, among the normal commuting population in Windsor, Halifax
and Ottawa-Gatineau, workers having moved to a different census subdivision in 2005
commute longer than those without mobility. However, in Calgary this difference in the
commuting behavior of workers with and without mobility is not significant. This means
the recent change of residence does not have a significant impact on commuting distance
in Calgary. On the contrary, the trends observed in Windsor, Halifax and OttawaGatineau are most likely the outcome of gravitating to suburban residential area when
new development has been taking place.

4.3.2 Impact of land use attributes on commuting distances
After testing for the socio-economic factors in the models, land use attributes are added
to investigate their influences on commuting distance. The results from the linear
regression with both socio-economic and land use factors are listed in Table 4.5. Overall,
the adjusted r-square values of all four models indicate that these models perform well for
the four CMAs. The different land use variables listed in chapter three were tested for
their impact on commuting distance. After several experimentations, land use mixing
measured through the entropy index and accessibility to jobs were found to be the most
significant land use attributes influencing commuting distance. The t-statistics in the
models show that for the four CMAs, accessibility to jobs of residential TAZ is the
81

Table 4.5 Modeling commuting distance with socio-economic and land use factors for Windsor, Halifax,Calgary and Ottawa-Gatineau
CMAs
Dependent: ln(commuting distance)
Constant
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing,
manufacturing
Sales
and service and utilities
Aged 15 to 19
Aged 20 to 24
Aged 25 to 34
Aged 35 to 44
Aged 45 to 54
Aged 55 to 64
Fulltime
With Mortgage
Lived in different census subdivision in last 1 year

Windsor

Halifax

ln(commuting
Coeff.
t-stat dist.)Coeff.
21.613
1.708
0.204
-0.106 -10.860 -0.126
10.466
0.796
2.059
-8.827
-0.684
0.905
11.129
0.879
2.023
Ref.
Ref.
Ref.
3.236
0.060
0.199
12.364
0.175
0.231
9.129
0.207
0.329
8.385
0.164
0.247
6.513
0.113
0.146
0.036
1.041
0.192
9.161
0.145
0.271
13.997
0.200
0.288
Ref.
Ref.
Ref.
-0.231 -11.652 -0.235
0.009
0.563
0.078
6.183
0.008
0.078
Ref.
Ref.
Ref.
-5.443
-0.066
-0.056
-6.871
-0.104
-0.102
12.418
0.149
0.190
0.021
2.349
0.151
3.465
0.086
0.166
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t-stat
3.507
-13.905
37.423
16.113
36.200
Ref.
12.921
19.002
18.040
14.477
9.387
8.072
15.038
10.932
Ref.
-12.168
4.817
0.677
Ref.
-4.788
-7.122
16.444
17.171
7.520

Calgary
Coeff.
-0.095
-0.130
1.908
0.663
2.028
Ref.
0.303
0.376
0.457
0.315
0.247
0.315
0.323
0.396
Ref.
-0.348
-0.023
0.026
Ref.
-0.012
-0.062
0.275
0.062
0.046

t-stat
-2.491
-26.081
51.890
17.633
54.783
Ref.
35.182
54.656
54.077
29.546
26.108
21.214
34.674
32.499
Ref.
-34.509
-2.650
3.974
Ref.
-1.877
-7.737
32.499
12.959
4.486

Ottawa-Gatineau
Coeff.
0.194
-0.112
1.790
0.588
1.947
Ref.
0.341
0.378
0.473
0.245
0.309
0.376
0.307
0.321
Ref.
-0.356
-0.065
0.049
Ref.
-0.015
-0.046
0.251
0.098
0.153

t-stat
5.332
-22.017
51.054
16.485
55.184
Ref.
37.507
51.399
52.348
21.594
35.773
29.272
25.970
18.055
Ref.
-31.800
6.841
6.993
Ref.
-2.252
-5.463
36.029
19.587
12.021

CMAs
Dependent: ln(commuting distance)
Entropy of residential TAZ
Accessibility to jobs of residential TAZ
N (no. of sample)
Goodness of fit (Adj. R2)
Bold = sig. at p< 0.01, Italic = sig. at p< 0.05;

Windsor

Halifax

ln(commuting
Coeff.
t-stat dist.)Coeff.
t-stat
-0.360 -11.462 -1.168 -37.002
-0.040 -81.471 -0.021 -65.477
17,340
22,561
0.553
0.606
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Calgary

Ottawa-Gatineau

Coeff.
t-stat
-6.100
-0.083
-0.009 -124.104
73,747
0.533

Coeff.
t-stat
-35.111
-0.499
-110.835
-0.008
71,535
0.564

strongest variable. The more accessible the jobs are to people, the shorter the commute is,
other things being equal. It should be noted that the extremely significant result could be
also attributed to the existence of correlation between accessibility to jobs and
commuting distance. Accessibility to jobs is calculated as a function of the shortest path
travel time on the road network between the zone of residence and all other zones in the
CMA. If the optimal travel time between place of residence and place of work is highly
correlated to commuting distance for a particular commuter, chances are that part of this
correlation will be embedded in the calculated accessibility. Nonetheless, since the
accessibility in this thesis considers travel time from all zones forming the CMA, the
effect of correlation will not be severe. Also, the commuting distance based on the
Euclidean distance is unlikely to be correlated to the shortest path travel time in all cases.
Therefore, the integrity of the estimated models and the accessibility variable are
maintained.

Moreover, after the inclusion of land use attributes the coefficient and t-statistics of the
socio-economic factors change. However, the change of some socio-economic factor is
negligible. The changes that need attention include:
1) the transit mode in Windsor,
2) the occupational types in Halifax,
3) people with mobility in Calgary,
4) people aged between 25 and 34 in the two largest CMAs, and
5) the presence of mortgage in all four CMAs.
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The observed changes after adding the land use variables imply some sort of correlation
between the affected socio-economic factors and the two land use variables (i.e. land use
mixing and accessibility to jobs of residential TAZ).

In the case of Windsor, transit shows higher positive impact on commuting distance than
auto mode after the land use factors are included in the model. It could be because a
certain number of workers using transit live in TAZs with higher land use mixing or
better accessibility to jobs. Similar explanation could be provided regarding the changes
in the coefficients of workers with occupation related to social science, government
service, art, culture or sport in Halifax, as well as workers with mobility in Calgary and
people aged between 25 and 34 in the two large CMAs. In other words, a certain
proportion of these particular groups of workers live in residential areas with higher land
use mixing or accessibility to jobs. Moreover, it is interesting that in all the studied
CMAs, the positive impact of the presence of mortgage became lower and less but still
significant when the land use factors were included. That is, workers with mortgage are
more likely to live in either less mixed TAZ or the TAZ with lower accessibility to jobs.
Usually this kind of TAZs is predominantly residential (i.e. single use) and most likely
located in the suburbs. Therefore, it again indicates the outgoing trend of the new
residential property investment in the four CMAs.

Different from the literature (such as Dieleman et al., 2002; Sultana and Weber, 2007;
and Giuliano and Narayan, 2003), density is found not to have a very significant effect on
commuting distance in all the studied CMAs. The finding in this section supports the
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statement of Steiner (1994), Ewing (1994), and Cervero and Kockelman (1997), that the
predictive power of density “lies as a proxy” for some other land use variables which are
difficult-to-measure (refer to section 2.3). In the cases of the four Canadian CMAs in this
study, the so-called “difficult-to-measure” attributes are the accessibility to jobs and land
use mixing of residential TAZ. Better accessibility to jobs or higher level of land use
mixing in residential TAZ can shorten commuting distances.

The above conclusions also shed light on the type of land use strategy that might be
efficient and would lead to a more sustainable transportation system. One method could
be to promote multinucleation in order to curb sprawl and widely increase accessibility to
jobs within existing or potential nuclei(s). Windsor CMA, for example, is composed of
the City of Windsor, LaSalle, Tecumseh, Leamington and other towns. Strengthening
synergies between different municipalities can enhance the chance of a multinucleated
urban form. As a result, the residents in each municipality will have a higher accessibility
to jobs. Also, these residents could find a job closer to home. As such, reduction in
commuting distance would be achieved.

Furthermore, in the cases of Halifax and Ottawa-Gatineau, decentralized population and
centralized employment coexist. Certain percentage of the working population still lives
close to the central employment cluster and has fairly short commute. However, workers
locating in the outer periphery travel much longer to go to work. Therefore locating more
employment opportunities in new developed population areas could reduce the commute
of people in these areas. Nevertheless, planners should avoid dispersed employment
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distribution. That is, it would be better to locate more jobs in well-defined center(s) for
the suburban population. Also, from the perspective of real estate planning, the existing
job clusters in suburban areas need to be considered when building new residential
properties.

Another strategy can be to encourage mixed land use within the context of smart growth
planning. As concluded before, people living in areas with higher mixed land use
commute shorter than those living in single use areas. Moreover, policies promoting
mixed land uses should not only be concerned with the mix of residential area and
occupation-related land use as this may result in the emergence of crowded
neighborhoods. People preferring open space, fresh air or natural view would move away
from this type of areas. This is literally one of the reasons that people started to live in
suburbs as cities expanded. Therefore, smart growth planning should not be concerned
with only the core but also various different suburban centers that can also be developed
in a smart fashion. Accordingly, land use mix is introduced and general amenities such as
access to open space and nature is maintained.

4.3.3 Summary of the comparison among studied CMAs
Based on the modeling results from the four studied CMAs in section 4.3, similarities and
differences with respect to commuting behavior were identified. Some results in the
analysis arrived at the same conclusions as those reported in the literature. However, new
findings about the impact of mortgage, mobility and occupational types were also
discovered in the context of the studied CMAs. More interestingly, although these factors
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belong to the socio-economic variables, they could be connected to the spatial
distribution of land uses. That is, policies aimed at reducing the length of commuting
distance could be implemented through the planning of land use and its spatial
distributions in these CMAs. With respect to land use attributes, land use mixing
measured through entropy index and accessibility to jobs were the two most important
factors explaining commuting distance in the four studied CMAs. Higher land use mixing
level or better accessibility to jobs appeared to shorten commuting distance in the
Canadian context.

4.4 Analysis for the Outliers in the Four Studied CMAs
This section discusses the commuting behavior of the commuters with extremely long
travel distance to work in the four studied CMAs. At first, a general overview of
descriptive statistics is provided. This is followed by illustrating and discussing the
regression results from the LR2 models in the four CMAs.

Table 4.6 lists the statistics on commuting distance for the positive outliers in the four
CMAs. In contrast to Windsor which has the smallest sample (i.e. 6,520), OttawaGatineau has the largest number of positive outliers (i.e. 22,359). The CMAs with the
lowest to the highest commuting level are Windsor, Calgary, Halifax and OttawaGatineau respectively. Here the commuting level is measured through the mean and the
median. However, the highest standard deviation of commuting distance can be observed
in Halifax.
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Table 4.6 Statistics of commuting distance for the extreme commuters in the four CMAs
Studied CMAs
Windsor
Halifax
Calgary
Ottawa-Gatineau

Commuting distance (km)
Mean
Median Std. deviation
22.21
18.40
18.43
26.60
20.00
24.08
24.23
18.70
20.51
27.31
21.80
23.30

Number of
samples
6,520
7,351
16,542
22,359

Table 4.7 summarizes the results from the regression models estimated with only socioeconomic factors. On the other hand, Table 4.8 shows the results of the models in which
the land use variables are also added. In the latter models, the socio-economic factors are
used as control variables, while the effect of land use factors on the commuting distance
is explored. Also it should be noted that the presence of mortgage is interacted with the
mobility factor to form a set of interaction terms. These interaction terms classify the
observations into four subgroups:
1) Workers with mortgage who lived in a different census subdivision in 2005;
2) Workers without mortgage who lived in a different census subdivision in 2005;
3) Workers with mortgage who lived in the same census subdivision in 2005; and
4) Workers without mortgage who lived in the same census subdivision in 2005.

As presented in Table 4.7, the adjusted r-square in all four models is low (between 0.06
and 0.11) when only accounting for socio-economic factors. That is, socio-economic
factors can only explain a very small percentage of the variability in the observed
extreme commuting distance. However, in the models with both socio-economic and land
use factors in Table 4.8, the adjusted r-square values increase up to 0.668 (as in the case
of Windsor). In other words, land use factors are much more important than socio89

Table 4.7 Modeling commuting distance with socio-economic factors for the positive outliers in studied CMAs
CMAs
Dependent variable
Constant
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing and manufacturing
Sales and service
Aged 15 to 19
Aged 20 to 24
Aged 25 to 34
Aged 35 to 44
Aged 45 to 54
Aged 55 to 64
Fulltime
With mortgage and lived in a different census subdivision in 2005
Without mortgage & lived in a different census subdivision in 2005
With mortgage and lived in the same census subdivision in 2005
Without mortgage & lived in the same census subdivision in 2005
N (number of samples)
Goodness of fit (Adj. R2)
Bold = sig. at p< 0.01, Italic = sig. at p< 0.05.

Windsor
ln(commuting dist.)
Coeff.
t-stat
25.250
2.474
-5.634
-0.083
3.366
0.319
0.008
0.081
0.086
0.794
Ref.
Ref.
6.108
0.165
6.175
0.135
7.188
0.254
6.943
0.208
4.130
0.108
-0.064
-1.135
5.142
0.118
8.355
0.175
Ref.
Ref.
-0.047
-1.544
0.065
2.555
0.018
0.931
Ref.
Ref.
-0.038
-2.084
-3.922
-0.089
3.968
0.072
8.731
0.370
7.284
0.363
0.035
2.531
Ref.
Ref.
6,520
0.075
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Halifax
ln(commuting dist.)
Coeff.
t-stat
34.100
2.598
-0.032
-2.255
4.386
0.320
5.577
0.447
0.034
0.656
Ref.
Ref.
4.546
0.100
0.034
1.882
5.931
0.157
4.362
0.110
2.651
0.063
3.993
0.164
9.934
0.226
8.350
0.279
Ref.
Ref.
3.234
0.098
8.295
0.213
0.003
0.149
Ref.
Ref.
0.006
0.362
-0.009
-0.456
3.453
0.061
11.189
0.592
12.831
0.643
4.056
0.053
Ref.
Ref.
7,351
0.098

Calgary
ln(commuting dist.)
Coeff.
t-stat
66.229
2.629
-7.541
-0.062
4.750
0.178
-0.063
-1.488
0.041
1.058
Ref.
Ref.
13.982
0.178
11.771
0.130
13.087
0.191
7.865
0.123
8.536
0.124
11.714
0.295
9.536
0.126
26.444
0.464
Ref.
Ref.
0.012
0.735
5.823
0.082
-0.013
-1.201
Ref.
Ref.
0.022
2.170
-0.002
-0.130
10.219
0.100
14.507
0.295
11.528
0.264
9.320
0.074
Ref.
Ref.
16,542
0.109

Ottawa-Gatineau
ln(commuting dist.)
Coeff.
t-stat
67.606
2.732
-5.158
-0.036
5.030
0.194
0.100
2.384
3.090
0.122
Ref.
Ref.
8.858
0.103
11.958
0.119
9.767
0.116
4.152
0.061
11.168
0.133
11.571
0.217
10.978
0.147
9.078
0.179
Ref.
Ref.
-0.026
-1.671
11.535
0.151
0.007
0.740
Ref.
Ref.
0.006
0.723
0.007
0.652
9.564
0.089
17.785
0.426
18.445
0.424
13.666
0.093
Ref.
Ref.
22,359
0.064

Table 4.8 Modeling commuting distance with socio-economic and land use factors for the positive outliers in studied CMAs
CMAs

Dependent variable
Constant
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing and manufacturing
Sales and service
Aged 15 to 19
Aged 20 to 24
Aged 25 to 34
Aged 35 to 44
Aged 45 to 54
Aged 55 to 64
Fulltime
With mortgage and lived in a different census subdivision in 2005
Without mortgage & lived in a different census subdivision in 2005
With mortgage and lived in the same census subdivision in 2005
Without mortgage & lived in the same census subdivision in 2005

Windsor
ln(commuting
dist.)
Coeff.
t-stat
67.284
3.313
-0.045 -6.074
3.238
0.145
-3.358
-0.164
0.088
1.704
Ref.
Ref.
0.202
1.481
5.759
0.062
5.189
0.095
5.636
0.088
0.032
2.431
-0.005 -0.170
6.459
0.074
12.648
0.136
Ref.
Ref.
-0.101 -6.624
-0.013 -1.014
3.434
0.033
Ref.
Ref.
-0.026 -2.914
-0.046 -4.093
7.890
0.071
4.647
0.104
5.438
0.153
0.003
0.394
Ref.
Ref.
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Halifax
ln(commuting
dist.)
Coeff.
t-stat
70.693
3.357
-5.229
-0.044
4.972
0.213
0.059
1.185
4.735
0.212
Ref.
Ref.
3.123
0.041
4.859
0.053
7.547
0.118
5.505
0.084
2.937
0.042
3.369
0.085
9.330
0.127
6.739
0.142
Ref.
Ref.
-4.168
-0.076
0.025
1.546
0.001
0.934
Ref.
Ref.
-0.014
-1.411
-0.031
-2.547
5.462
0.057
4.429
0.163
0.074
1.943
0.001
0.098
Ref.
Ref.

Calgary

Ottawa-Gatineau

ln(commuting dist.)

ln(commuting dist.)

Coeff.
2.903
-0.052
0.276
-0.073
0.235
Ref.
0.107
0.119
0.155
0.111
0.088
0.119
0.121
0.193
Ref.
-0.084
-0.022
0.006
Ref.
0.000
-0.020
0.086
0.106
0.117
0.015
Ref.

t-stat
123.794
-11.454
13.086
-3.052
10.717
Ref.
15.251
19.782
19.384
13.005
10.940
8.189
16.730
17.500
Ref.
-9.578
-2.745
1.090
Ref.
-0.068
-2.956
15.997
9.254
8.609
3.366
Ref.

Coeff.
3.029
-0.046
0.253
-0.105
0.259
Ref.
0.090
0.120
0.154
0.064
0.088
0.162
0.116
0.137
Ref.
-0.132
-0.011
0.026
Ref.
-0.008
-0.026
0.100
0.144
0.158
0.011
Ref.

t-stat
125.926
-11.648
11.387
-4.280
11.427
Ref.
13.788
21.485
23.257
7.722
12.958
15.042
15.311
11.982
Ref.
-14.662
-1.405
4.859
Ref.
-1.596
-4.269
18.815
10.102
10.909
2.718
Ref.

CMAs

Dependent variable
Entropy in residential TAZ
Accessibility to jobs in residential TAZ
Entropy in the TAZ of workplace
Accessibility to jobs in the TAZ of workplace
N (number of samples)
Goodness of fit (Adj. R2)

Windsor
ln(commuting
dist.)
Coeff.
t-stat
-0.285 -12.707
-0.026 -71.809
-0.126 -4.500
-0.009 -20.947
6,520
0.668

Bold = sig. at p< 0.01, Italic = sig. at p< 0.05;
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Halifax
ln(commuting
dist.)
Coeff.
t-stat
-1.004 -30.840
-0.013 -28.535
-0.338 -10.876
-3.840
-0.001
7,351
0.442

Calgary

Ottawa-Gatineau

ln(commuting dist.)

ln(commuting dist.)

Coeff.
t-stat
-29.112
-0.313
-70.851
-0.006
-22.507
-0.287
-3.264
-0.0005
16,542
0.466

Coeff.
t-stat
-37.534
-0.389
-70.432
-0.004
-6.938
-0.082
-10.171
-0.0005
22,359
0.466

economic factors when explaining the variability in commuting distances among extreme
commuters.

By comparison, in the case of normal commuting population, both socio-economic and
land use factors significantly influence commuting distance although the former set of
factors had a more important role. Therefore, it can be concluded that the land use
strategies for reducing total vehicle commuting distance are beneficial for both normal
commuters and the extreme commuters. Moreover, policies pertaining to land use
planning could be more influential than policies targeting variables related to socioeconomic attributes.

As for the impact of socio-economic factors, some of the results in Table 4.8 are
consistent with those reported in Table 4.4. For instance, females commute shorter than
males in general. Also, full-time employed workers are related to longer commute than
part-time employees.

Regardless of the presence of mortgage, workers who changed residence and moved to a
new census subdivision in the last one year tend to commute longer relative to all other
workers. As for workers with mortgage, those having moved in an earlier year are found
to commute shorter than those having moved in the previous year (i.e. 2005). This
evidence again implies that workers with recent residential mobility tend to move to areas
far from places of work, thus increasing commute. Different from the normal commuting
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population, among the extreme commuters, workers 20 to 24 years old travel the longest
to work in all four CMAs.

Transportation modes and occupational types show different effects on commuting
distance in the different CMAs. Although the auto mode is associated with significantly
longer commute than “other modes” in all the studied CMAs, biking or walking, and
transit modes impact commuting distances differently. In Windsor, Calgary and OttawaGatineau, biking or walking have significant negative impact on commuting distance.
However, in Halifax the impact of biking and walking modes is not significant as shown
in Table 4.8. In addition, transit appears to significantly increase commuting distance in
the cases of Halifax, Calgary and Ottawa-Gatineau. In Halifax and Ottawa-Gatineau, the
impact of this mode even has very similar impact as auto mode. This might reflect the
effectiveness of transit as a viable mode of transportation in extreme commute situations.
In Ottawa-Gatineau for example, the well-established transit system can be an alternative
to auto-driving even in the case of extreme commuting.

In terms of occupational types, people doing primary industrial jobs appear to have
extremely longer commuting distance than others in Windsor, Halifax and Calgary.
However, in Ottawa-Gatineau extreme commuters with jobs related to art, culture,
religion, or sport travel the longest distance to work.

As the models in Table 4.8 found, the four most significant land use factors affecting
commuting distance among the extreme outliers are: the level of land use mixing
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measured by the entropy index within the residential TAZ and in the TAZ of workplace,
and the accessibilities to jobs in the TAZ of residence and the TAZ of workplace. The
entropy index in the TAZ of workplace is used to test the hypothesis that people working
in isolated areas with homogenous land use have the tendency to commute longer than
others. However, the accessibility to jobs in the TAZ of workplace is employed to capture
whether the place of work is in the sprawled area. A smaller accessibility to jobs within a
certain TAZ of workplace reflects a sprawling pattern of employment. Conversely, a
higher accessibility captures the clustering of jobs around the TAZ of workplace.

With a negative coefficient, the accessibility to jobs and the land use mixing (in either the
place of residence or the place of work) shorten the commuting distance of extreme
commuters in all the studied CMAs. Nevertheless, the significance of these land use
factors varies from one CMA to the next. In Windsor, accessibility to jobs in the
residential TAZ and in the TAZ of workplace are the most two significant factors. People
living in the TAZ with poorer accessibility to jobs, commute longer than others, since
they are less likely to find a job close to home or they are living in single use
neighborhoods. However, a limited accessibility to jobs pertaining to the place of work
means that the place of work is far from main employment cluster(s). In the case of
Windsor, poor accessibility to jobs happens in the suburbs (shown in Figure A-3). Hence,
workplaces with less accessibility to jobs are more likely to be in suburban areas. As
Table 4.8 shows, this kind of workplace is associated with longer commute. In other
words, people working in these distant places are less likely to live nearby. However, as
Figure A-1 indicates, Windsor has a suburban population in different areas. Therefore,
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although there is employment distributed in the suburbs of Windsor, a mismatch of jobhousing still exists there.

In Halifax, Calgary and Ottawa-Gatineau, accessibility to jobs of the workplace TAZ still
impact the travel distance to work of extreme commuters, but to a less extent compared to
Windsor. The reason might be the compact nature of employment in these three CMAs.
That is, jobs in these CMAs are less scattered over space. Therefore, fewer jobs will be
found in isolated suburban areas. Accessibility to jobs and the land use mixing in
residential TAZs are the most significant land use factors in the estimated models. In
Halifax, which is a multinucleated CMA, increasing the accessibility to jobs or providing
better mixed land use in residential areas can reduce commuting distance. However, in
Calgary and Ottawa-Gatineau where population is dispersed and jobs are noticeably
monocentric, increasing the accessibility to jobs in residential area has higher
significance on shortening commuting distance relative to other land use variables. The
same finding was achieved in the case of normal commuting population in these two
CMAs.

It is worth noting that the behavior associated with travel distance of extreme commuters
is relatively similar in both Calgary and Ottawa-Gatineau. Comparing the magnitude of
the estimated parameters in Table 4.8 indicates that the models in both CMAs are
virtually similar with few minor differences. This is mainly driven by the similar nature
of land use pattern in these two Canadian CMAs.
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Initiatives to reduce extreme commuting distance in urban areas should depend on the
type of urban form. For example, improving the job-housing match in the suburbs of a
sprawled CMA like Windsor should be a target. Also promoting policies to reduce the
scattering of employment in the outer parts of the CMA can increase the accessibility to
jobs for people currently working far from the main employment cluster(s). Thus, future
land-use planning of new suburban employment should happen on land in proximity to
existing employment. It is essential especially for particular jobs such as industrial and
transport. These jobs are associated with relatively long commute. While these jobs
should avoid residential areas, they should follow existing industrial clusters to avoid
scattering of jobs. The following benefits could be achieved by promoting employment
clustering:
1) The size of settlement of these scattered long-commute-related jobs will become
larger to attract more trips. Transit and carpool can therefore be easily promoted
as the result of a higher usage. If the promotion succeeds, transit usage and high
occupancy vehicle (HOV) level will naturally increase.
2) Promoting the clustering of jobs that are usually associated with long commute
might reduce the personal average commuting distance for two worker household
with the same type of occupation.
3) Some of the long-commute-related jobs such as transport and primary industry are
inter-linked. As an extra benefit, locating them in one cluster could lead to a
reduction in transportation cost between them due to the power of agglomeration
economies.
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For a multinucleated urban area such as the Halifax CMA, extremely long commute
might be caused by the trips from one nucleus to another. Therefore, increasing the
number of jobs for residents in the emerging nuclei could reduce the level of extremely
long commute in the long run. Also, increasing land use mixing in residential areas will
be very beneficial. For Calgary and Ottawa-Gatineau, speeding up job growth in
proximity to sprawled residential areas might be an effective approach to reduce
commuting distance. Basically, this would provide more job opportunities for the
residents in the outer CMA and further decreases the number of trips from the suburbs to
the core. However, caution should be practiced here since this sprawled employment
might result in extremely long commute as what has been occurring in the dispersed
Windsor CMA. Hence, suburban growth of jobs should happen in well-defined center(s)
according to the principle of smart growth.

4.5 Summary of Chapter Four
This chapter presented and discussed the results of analysis to explain the commuting
distance in Windsor, Halifax, Calgary and Ottawa-Gatineau. Section 4.2 started by
comparing different statistical methods to model the commuting distance using Windsor
as a case study. These methods were the linear regression model using the commuting
distance as dependent variable, the linear regression model with natural logarithm
transformation of the commuting distance, the ordered logit model and the ordered probit
model. The linear regression model with natural logarithm transformation performed the
best in terms of 1) explaining the variability of commuting distance; 2) the predictive and
explanatory power; and 3) time needed to specify and estimate the model. Therefore, the
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rest of the investigations about commuting in this chapter were done by using this linear
regression model. However, it should be noted that the ordered choice models were also
efficient and properly explained the relationship between commuting distance and the
used explanatory factors.

However, the variability of extremely short and extremely long commute could not be
well explained by the model estimated with the full sample of observations. Therefore,
the observations for each CMA were divided into three groups: 1) normal commuting
population, 2) positive outliers, and 3) negative outliers. This classification was based on
the predicted outcomes from the linear regression model using the natural logarithm
transformation. The analysis in this chapter was focused on the normal commuting group
and the positive outliers (i.e. extreme commuters). The normal commuting group made
up around 70% of the full observations. The positive outliers generating longer commute
accounted for the majority of the outliers. Also, the behavior of these extreme commuters
was of interest since the contribution of this group to the overall commuting process is
disproportional.

Next, section 4.3 estimated the difference and similarity in commuting behavior of the
normal commuting population in all the studied CMAs. Results showed that both socioeconomic and land use factors are important to explain the outcome. Gender,
transportation mode to work, occupational types, age, employment status, the presence of
mortgage and mobility were the most significant socio-economic characteristics affecting
commuting distance. Moreover, it was interesting that although mortgage, mobility and
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occupational types were socio-economic attributes, they could be used as land use
proxies. This is the case since those variables are directly linked to the land use patterns
that are associated with either place of residence or place of work. For instance, mortgage
was found to have a positive association with sprawled residential land uses. Similarly,
migratory status through the mobility variable suggests a positive affiliation between
mobility and suburban housing. As for occupation, people employed in certain types of
occupations were found to either commute short or long distances. These occupations are
directly related to the spatial distribution of the job locations hiring these occupations. In
a nutshell, land use policies that aim to reduce sprawled residential development or
reshape the spatial distribution of jobs in the city can have a direct impact on commuting
behavior and consequently commuting distance. Furthermore, accessibility to jobs and
land use mixing of residential TAZs were the two most significant land use explanatory
factors. Here, policies that might be effective to reduce commuting distance included
improving multinucleations and land use mixing.

Finally, section 4.4 analyzed the commuting behaviors among extreme commuters.
Unlike the case of the normal commuting population, the socio-economic factors were
not very efficient in explaining the travel distance of extreme commuters. Conversely, the
inclusion of land use attributes as covariates clearly improved the predictive and
explanatory power of the estimated models. These land use attributes were the
accessibility to jobs in the residential TAZ and the TAZ of workplace, and the entropy
index of the residential TAZ and the TAZ of workplace. Nevertheless, evidence showed
that the significance of the effect caused by these four land use factors varies in the
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CMAs depending on the type of urban form. Therefore, land use policies aimed to relieve
the problem of extreme commute need to consider the types of urban form.
Consequently, some policy suggestions concerning the reduction of extreme commute
were provided based on the analyzed types of urban forms.

Notes:
1: The sample representing the normal commuting population in section 4.3 is based on
the same method used to split the sample in the case of Windsor (see in section 4.2.2).
For Windsor, the observation whose absolute residual is more than 4 km was
classified as an outlier. For the other larger CMAs (i.e. Halifax, Calgary and OttawaGatineau), 5 km, 6km, and 6km of the absolute residual values were chosen to identify
the outliers from the entire sample.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS
This thesis presents the findings from the work conducted to investigate and compare the
factors affecting commuting behaviors in four Canadian CMAs: Windsor, Halifax,
Calgary and Ottawa-Gatineau. To succeed and achieve this goal, the urban form of these
CMAs is discussed and compared. Also, four statistical methods designed to explain the
variability in commuting distance among workers in the four CMAs are assessed and
compared. Five objectives have been addressed by this thesis:
1) Explore and compare the nature of urban form.
2) Apply and compare four techniques to model commuting distance.
3) Investigate the factors that influence the observed commuting distance in the four
studied CMAs.
4) Determine if land use patterns are related to commuting distance.
5) Generalize the results from the studied CMAs to provide suggestions that could
help planning land use and transportation in Canadian metropolitan areas.
This chapter summarizes the findings of this thesis with respect to the above objectives.
This is followed by the contributions of this thesis. In the last section of this chapter,
some recommendations for future studies are provided.

5.1 Summary of findings
To understand the existing urban form in Canadian CMAs, section 3.4 lists the
descriptive statistics of the land use variables pertaining to each studied metropolitan
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area. These land use attributes are densities, accessibility to jobs, the level of land use
mixing measured through entropy index, mixed land use density, job-housing balance
measured through dissimilarity index, and density of wide roads. Also the population and
employment densities, the accessibility to jobs and the entropy index are mapped in
Figures A-1 to A-16. The exploration of urban form for the studied CMAs arrives at the
following conclusions:
1) The Windsor CMA exhibits a dispersed urban form as portrayed by its
employment and population spatial distributions. Suburban clusters are associated
with some municipalities (i.e. LaSalle, Amherstburg, Tecumseh and Lakeshore)
in the outer parts of the CMA.
2) The population spatial distribution in the Halifax CMA reflects a shift of urban
form towards a multinucleated pattern. However, the compact employment
distribution is indicative of a monocentric form as far as jobs.
3) Calgary seems to be a sprawling CMA that enjoyed a monocentric form in the
past. The population of the Calgary CMA is distributed discontinuously but the
job distribution is apparently less decentralized.
4) The Ottawa-Gatineau CMA is highly compact in terms of its employment spatial
distribution, but its population is moving outwards without any well-defined
center(s). This is indicative of the emergence of urban sprawl.
The results tend to indicate that the decentralization of employment follows the
decentralization of population across all studied CMAs.
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Next, using Windsor as a case study, the linear regression model using the natural
logarithm transformation of commuting distance is found to perform the best in terms of
its explanatory ability, predictive power and time required to specify and estimate the
parameters. The other methods used in the analysis include the linear regression model
using the commuting distance as its dependent variable, the ordered logit and the ordered
probit models. The latter two methods are also found to be adequate, especially the
ordered probit model. In the remaining parts of this thesis, the linear regression model
using natural logarithm transformation is selected for the analysis of commuting distance
in the four CMAs: Windsor, Halifax, Calgary and Ottawa-Gatineau.

Furthermore, the land use attributes and indices are modeled along with several socioeconomic variables across the studied CMAs. The obtained evidence shows that a group
of travelers associated with extremely long commute exists. Therefore the analysis is
conducted after a sample-split. Results show that socio-economic factors are important to
explain the commuting distance among the normal commuters in Canadian urban areas.
However, they do not explain a high percentage of the variability in commuting distance
of the extreme commuters. In contrast, land use variables are essential to influence the
commuting distance corresponding to both normal commuters and extreme commuters.

5.2 Research contributions
5.2.1 Methodological contributions
This thesis makes several contributions to the existing body of literature. In terms of
modeling technique, the ordered choice models are tested for the first time to explain
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intra-urban commuting distance. The obtained results show that these models are capable
of explaining the relationship between the considered variables and commuting distance.
More interestingly, the ordered probit model appears to do an excellent job in predicting
the probability of commuting distance choice as discerned from the high ρ2 value (ρ2 =
0.81). Moreover, the suggested sample-split provides the chance to comprehensively
understand the commuting behavior associated with particular groups of commuters. In
addition, another main contribution of this thesis is the knowledge gained about
commuting behavior in the Canadian context through the conducted comparative
analysis.

5.2.2 Policy and planning implications
As to the contributions to urban planning and policy, the use of several new socioeconomic factors offers new insights. Traditional socio-economic factors such as gender
and age are hard to control through any policies. However, the investigation of several
new socio-economic factors in this thesis (i.e. the presence of mortgage and mobility) and
the emphasis placed on occupational types provide evidence linking socio-economic
attributes to land use strategies. That is, socio-economic factors are not only controlled
for to understand the heterogeneity of commuter’s behavior, but can also be used as land
use policy proxies to reduce commuting distance. As the test of socio-economic factors
indicate for all four studied CMAs, male, full-time employee, workers with mortgage and
mobility commute longer.

105

The variables having different impact on commuting distance in different CMAs,
however, are related to the transportation mode used to commute and the occupational
types of workers. The workers in Windsor show a preference of using auto to commute.
The use of active and green modes of transportation (walking or biking) is more
prominent in Halifax. In Calgary, both auto and transit are popular, while in OttawaGatineau taking transit is more prevalent. The effect of occupational types varies from
one CMA to the next. The reason for this might be the different patterns in the spatial
distribution of land uses in these CMAs. Moreover, this thesis suggests that from the
perspective of real estate planning, the consideration to strengthen existing job clusters in
suburbs is important to curb population sprawl.

The test of land use factors can help shed some light on the urban planning process in
Canada. Among the used land use variables, accessibility to jobs and the level of land use
mixing measured through the entropy index have the most significant influence on
commuting

distance.

In

accordance

with

the

obtained

findings,

improving

multinucleations and promoting mixed land use are suggested to curb sprawl and widely
increase the accessibility to jobs. However, the planning process should depend on the
type of the observed urban form. In CMAs with monocentric employment but dispersed
population distributions (e.g. Calgary and Ottawa), the suburban growth of employment
in well-defined center(s) should promote mixed land use and curb population sprawl. In
the CMA with both dispersed population and employment (e.g. Windsor), the mismatch
of job-housing in suburbs should be avoided since it largely increases commuting
distance. A remedy for this is to intensify development among specific nuclei. This
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should be accompanied by an improvement in the frequency and level of service of the
transit system between the emerging nuclei. As for a multinucleated CMA (e.g. Halifax),
increasing the number of jobs in emerging nuclei’s can help reduce commuting distance
in the long run. Additionally, increasing the level of mixed land use can relieve the high
level of commute. However, open areas and water bodies should also be targeted when
one plans mixed land strategies to achieve a more reliable and appealing smart growth in
the future.

Although land use mixing can be an effective strategy to reduce the total commuting
distance in a given CMA, this reduction is applicable to the auto model. When
considering land use mixing, enhancing the frequency and level of service of the transit
system is also important. Promoting transit could be used to decrease auto occupancy
level by allowing mass workers to move between places of residence and places of work
in an efficient and reliable manner. In general, this can result in smaller total number of
vehicles on road networks and thus reduce the amount of the gas consumed and the
emissions produced.

5.3 Recommendation for future research
The conducted work in this thesis suffered some limitations that can be improved in
future research. The first limitation is the spatial unit (i.e. the traffic analysis zone) used
to calculate the land use variables. The TAZ used in this thesis is the census tract. Such a
geographical scale assumes that the distribution of population is homogenous across the
zone. However, this might not be the case especially for large suburban zones.
107

Unfortunately, the confidential records of the 2006 Canadian Census used in this thesis
do not include any identifiable micro-data such as names or addresses. Therefore, it is
unlikely to calculate the land use characteristics for the zone right around or within a
certain distance from the worker’s place of home (or place of work). In other words, it is
impossible to rely on a smaller geographical scale in the analysis. In future research,
when possible, a dataset with identifiable addresses could be used to overcome this
limitation.

Also the method used to calculate the entropy index need to be more differential in order
to distinguish residential areas from the other land use areas. For example, a TAZ where
25% of the total area is residential land and 75% is commercial land has the same entropy
index as another TAZ where 75% of the total area is residential land but 25% is
commercial land. However, these two cases might result in different effects on
commuting distance of the workers living in the zone. Moreover, the open area and water
body might also need to be treated differently from residential land uses and the other
occupation-related land uses. Future research should focus on adjusting the entropy index
metric to account for the differences among these three types of land uses. One method
could be to use weighted areas of different land uses to calculate the entropy index.
Nevertheless, how to choose the factor the land use areas are weighted by is also an
important issue for future investigation.

Additionally, although this thesis shows that land use patterns do affect the commuting
distance in Canadian metropolitan areas, proposed land use strategies aimed to reduce
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commuting distance might result in increasing the length of other trips or total daily trips
(Ma and Banister, 2006). Therefore, it is suggested to also investigate the travel behaviors
for other daily trips in the studied CMAs before the recommended land use policies are
applied. However, as mentioned in section 2.2, other trips such as shopping and social
trips are typically less regular and less consistent in their patterns to be able to generalize
from for other CMAs as in the case of journey-to-work (Manaugh et al., 2010).

Another method could be using an integrated land use and transportation model (refer to
for example Behan et al., 2008) to simulate scenarios pertaining to a particular land use
policy. In such a model, the output can directly provide how the corresponding policy
changes the travel behavior (such as travel frequency), transportation efficiency (such as
congested travel time), and environmental performance (e.g. the amount of emissions).
Therefore, developing integrated urban models for Canadian CMAs could help to study
and promote smart growth strategies through the design and simulation of scenarios.

As for the recommendation of the modeling methods, the ordered choice models are
worth to explore and improve, since they are more behavioral than the linear regression
model and do explain the commuting distance efficiently as found in this thesis.
However, to deal with the problem of the violation of parallel line assumption, a partial
or totally unconstrained ordered choice model (refer to Williams, 2006) should be
considered. In that case one ordered choice model can help to understand all the normal,
extremely short and extremely long commuting distance.
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APPENDICES
APPENDIX A
Mapping land use factors in the four studied CMAs

Figure A-1

Population density of the Windsor CMA in 2006
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Figure A-2

Job density of the Windsor CMA in 2006
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Figure A-3

Accessibility to jobs of the Windsor CMA in 2006
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Figure A-4

Entropy index of the Windsor CMA in 2006
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Figure A-5

Population density of the Halifax CMA in 2006
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Figure A-6

Job density of the Halifax CMA in 2006
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Figure A-7

Accessibility to jobs of the Halifax CMA in 2006
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Figure A-8

Entropy index of the Halifax CMA in 2006
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Figure A-9

Population density of the Calgary CMA in 2006
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Figure A-10

Job density of the Calgary CMA in 2006
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Figure A-11

Accessibility to jobs of the Calgary CMA in 2006
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Figure A-12

Entropy index of the Calgary CMA in 2006
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Figure A-13

Population density of the Ottawa-Gatineau CMA in 2006
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Figure A-14

Job density of the Ottawa-Gatineau CMA in 2006
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Figure A-15

Accessibility to jobs of the Ottawa-Gatineau CMA in 2006
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Figure A-16

Entropy index of the Ottawa-Gatineau CMA in 2006
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APPENDIX B
Model comparison for the CMAs of Halifax, Calgary and Ottawa-Gatineau
Table B.1 Results of linear regression models and ordered models for Halifax (full sample)
Model
Dependent/type of the model
Constant
Threshold 1
Threshold 2
Threshold 3
Threshold 4
Threshold 5
Threshold 6
Variables
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing and utilities
Sales and service

LR1
Commuting
distance
Coeff.
14.801 (13.123)

-0.859 (-4.854)
3.003 (2.814)
1.547 (1.412)
0.599 (0.550)
Reference
2.165 (7.367)
1.169 (4.931)
2.368 (6.777)
2.090 (6.353)
1.603 (5.317)
2.184 (4.553)
2.848 (8.731)
3.486 (7.427)
Reference
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LR2
Ln(commuting
distance)
Coeff.
1.195 (16.541)

-0.110 (-9.689)
1.360 (19.897)
0.307 (4.371)
1.288 (18.475)
Reference
0.185 (9.823)
0.197 (12.986)
0.301 (13.452)
0.241 (11.418)
0.123 (6.380)
0.195 (6.349)
0.239 (11.417)
0.231 (7.686)
Reference

OR1

OR2

Logit

Probit

Coeff.

Coeff.

-1.728 (-10.041)
-0.101 (-0.587)
0.811 (4.722)
1.735 (10.083)
2.468 (14.291)
2.974 (17.139)

-1.020 (-10.555)
-0.095 (-0.982)
0.427 (4.419)
0.937 (9.692)
1.314 (13.561)
1.552 (15.987)

-0.236 (9.338)
1.231 (7.523)
-0.678 (-3.869)
0.898 (5.382)
Reference
0.438 (10.737)
0.443 (13.203)
0.646 (13.343)
0.527 (11.231)
0.282 (6.375)
0.363 (5.025)
0.547 (12.428)
0.358 (5.657)
Reference

-0.133 (-9.206)
0.583 (6.356)
-0.321 (-3.327)
0.351 (3.753)
Reference
0.244 (10.382)
0.230 (11.941)
0.364 (13.084)
0.279 (10.375)
0.160 (6.347)
0.202 (4.948)
0.318 (12.481)
0.239 (6.535)
Reference

Model

LR1
Commuting
distance
Coeff.
-0.121 (-0.319)
2.714 (8.698)
0.108 (0.459)
Reference
0.118 (0.531)
-0.066 (-0.242)
0.866 (3.845)
0.518 (3.054)
6.987 (16.440)
-14.966 (-24.158)
-0.190 (-28.744)
Adj. R2 = 0.118

LR2
OR1
OR2
Ln(commuting
Dependent/type of the model
Logit
Probit
distance)
Coeff.
Coeff.
Coeff.
Aged 15 to 19
-0.168 (-6.904)
-0.467 (8.473)
-0.218 (-6.906)
Aged 20 to 24
0.093 (4.630)
0.049 (1.077)
0.085 (3.290)
Aged 25 to 34
0.002 (0.143)
-0.017 (-0.510)
-0.002 (-0.100)
Aged 35 to 44
Reference
Reference
Reference
Aged 45 to 54
-0.034 (-2.413)
-0.056 (-1.827)
-0.030 (-1.707)
Aged 55 to 64
-0.078 (-4.446)
-0.142 (-3.710)
-0.081 (-3.663)
Fulltime
0.154 (10.707)
0.312 (9.501)
0.165 (8.791)
With Mortgage
0.108 (9.903)
0.125 (5.284)
0.068 (4.963)
Lived in different census subdivision in last 1 year
0.222 (8.171)
0.333 (5.236)
0.279 (7.807)
Entropy
-1.230 (-30.995)
-3.152 (-32.718)
-1.784 (-33.452)
Accessibility to jobs
-0.025 (-59.210)
-0.087 (-65.099)
-0.043 (-64.161)
Goodness of fit
Adj.R2 = 0.402
ρ2 = 0.169
ρ2 = 0.154
LL(0)
-62543.50
LL(const.)
-50960.45
LL(estimated)
-42370.02
-43092.23
Parallel line assumption
Violated
Violated
Note: Bold = sig. at p< 0.01, Italic = sig. at p< 0.05; ρ2=1-LL(estimated)/LL(const.)
t-statistic in parenthesis. For the two OR models, the t-stat is calculated as the square root of the Wald provided by the SPSS outputs.
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Table B.2 Results of linear regression models and ordered models for Halifax (normal commuters)
Model
Dependent/type of the model
Constant
Threshold 1
Threshold 2
Threshold 3
Threshold 4
Variables
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing, manufacturing
and utilities
Sales and service
Aged 15 to 19
Aged 20 to 24
Aged 25 to 34
Aged 35 to 44
Aged 45 to 54
Aged 55 to 64

LR1
Commuting
distance
Coeff.
5.694 (21.493)

LR2
Ln(commuting
distance)
Coeff.
0.204 (3.507)

OR1

OR2

Logit

Probit

Coeff.

Coeff.

-0.004 (-0.995)
3.039 (8.762)
5.235 (15.036)
8.691 (22.784)

-0.106 (-0.589)
1.627 (9.030)
2.876 (15.902)
4.595 (23.672)

-0.662 (-16.036)
4.888 (19.541)
2.514 (9.848)
4.236 (16.676)
Reference
1.118 (15.983)
1.214 (21.939)
1.948 (23.514)
1.290 (16.615)
0.745 (10.508)
0.956 (8.821)
1.774 (21.681)

-0.126 (-13.905)
2.059 (37.423)
0.905 (16.113)
2.023 (36.200)
Reference
0.199 (12.921)
0.231 (19.002)
0.329 (18.040)
0.247 (14.477)
0.146 (9.387)
0.192 (8.072)
0.271 (15.038)

-0.537 (-15.357)
4.254 (12.538)
0.310 (0.860)
3.810 (11.150)
Reference
0.876 (15.453)
0.939 (20.225)
1.363 (20.398)
0.956 (14.501)
0.562 (8.978)
0.709 (7.186)
1.116 (17.683)

-0.301 (-15.343)
2.232 (12.728)
0.330 (1.799)
1.990 (11.253)
Reference
0.486 (15.223)
0.522 (20.002)
0.763 (20.373)
0.525 (14.153)
0.302 (8.591)
0.396 (7.193)
0.632 (17.742)

1.353 (11.307)

0.288 (10.932)

0.864 (9.379)

0.504 (9.678)

Reference
-1.297 (-14.757)
0.271 (3.695)
0.033 (0.598)
Reference
-0.356 (-6.693)
-0.624 (-9.566)

Reference
-0.235 (-12.168)
0.078 (4.817)
0.008 (0.677)
Reference
-0.056 (-4.789)
-0.102 (-7.122)

Reference
-0.880 (11.392)
0.219 (3.501)
-0.020 (-0.440)
Reference
-0.212 (-5.004)
-0.381 (-7.156)

Reference
-0.475 (-10.971)
0.141 (3.998)
-0.004 (-0.167)
Reference
-0.117 (-4.904)
-0.514 (-7.108)
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Model

LR1
Commuting
distance
Coeff.
0.855 (16.266)
0.884 (22.065)
1.007 (10.026)
-7.688 (-53.568)
-0.111 (-75.903)
Adj. R2 = 0.574

LR2
OR1
OR2
Ln(commuting
Dependent/type of the model
Logit
Probit
distance)
Coeff.
Coeff.
Coeff.
Fulltime
0.190 (16.444)
0.677 (14.559)
0.378 (14.477)
With Mortgage
0.151 (17.171)
0.478 (14.500)
0.272 (14.704)
Lived in different census subdivision in last 1 year
0.166 (7.520)
0.811 (9.036)
0.460 (9.182)
Entropy
-1.168 (-37.002) -5.898 (-42.451) -3.314 (-43.833)
Accessibility to jobs
-0.021 (-65.477) -0.118 (-61.760) -0.062 (-63.888)
Goodness of fit
Adj.R2 = 0.606
ρ2 = 0.356
ρ2 = 0.875
LL(0)
-36310.53
LL(const.)
-25514.27
LL(estimated)
-16428.03
-3200.58
Parallel line assumption
Violated
Violated
2
Note: Bold = sig. at p< 0.01, Italic = sig. at p< 0.05; ρ =1-LL(estimated)/LL(const.)
t-statistic in parenthesis. For the two OR models, the t-stat is calculated as the square root of the Wald provided by the SPSS outputs.
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Table B.3 Results of linear regression models and ordered models for Calgary (full sample)
Model

LR1

LR2

OR1

OR2

Commuting
distance

Ln(commuting
distance)

Logit

Probit

Coeff.

Coeff.

Coeff.

Coeff.

Constant
Threshold 1
Threshold 2
Threshold 3
Threshold 4
Threshold 5
Threshold 6
Variables

12.049 (21.699)

1.019 (23.676)
-1.064 (-10.730)
0.582 (5.873)
1.998 (20.112)
3.053 (30.603)
3.659 (36.473)
4.130 (40.882)

-0.701 (-12.297)
0.258 (4.531)
1.092 (19.143)
1.664 (29.102)
1.960 (34.176)
2.171 (37.737)

Female

-0.918 (-11.426)

-0.120 (-19.310)

-0.261 (-18.615)

-0.150 (-18.515)

Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing, manufacturing
and utilities
Sales and service

0.316 (0.592)
-2.713 (-4.924)
-0.432 (-0.802)
Reference
1.985 (14.662)
1.458 (13.241)
2.188 (16.016)
1.423 (8.516)
1.287 (8.569)
2.642 (11.006)
1.747 (12.117)

1.034 (25.010)
-0.157 (-3.676)
1.097 (26.263)
Reference
0.223 (21.281)
0.274 (32.139)
0.359 (33.878)
0.254 (19.612)
0.187 (16.080)
0.258 (13.885)
0.246 (22.040)

0.853 (8.951)
-1.243 (-12.143)
0.943 (9.795)
Reference
0.511 (21.790)
0.577 (29.925)
0.716 (30.011)
0.484 (16.752)
0.397 (15.072)
0.511 (11.981)
0.563 (22.756)

0.386 (7.054)
-0.736 (-12.685)
0.417 (7.540)
Reference
0.285 (21.032)
0.316 (28.360)
0.406 (29.492)
0.266 (15.883)
0.222 (14.571)
0.297 (12.091)
0.315 (22.005)

4.258 (22.723)

0.362 (24.904)

0.713 (22.313)

0.453 (24.557)

Reference

Reference

Reference

Reference

Dependent/type of the model
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Model
Dependent/type of the model

LR1

LR2

OR1

OR2

Commuting
distance

Ln(commuting
distance)

Logit

Probit

Coeff.
Coeff.
Coeff.
-0.281 (-22.377)
-0.883 (-30.300)
-0.454 (-27.004)
-0.016 (-1.510)
-0.136 (-5.612)
-0.066 (-4.697)
0.029 (3.559)
0.060 (3.333)
0.034 (3.271)
Reference
Reference
Reference
-0.016 (-2.059)
-0.040 (-2.316)
-0.021 (-2.084)
-0.061 (-6.087)
-0.136 (-6.180)
-0.076 (-5.968)
0.222 (27.688)
0.404 (22.240)
0.226 (21.513)
0.044 (7.449)
0.076 (5.688)
0.040 (5.102)
0.097 (7.762)
0.326 (11.401)
0.208 (12.659)
-0.121 (-7.316)
-0.568 (-15.440)
-0.327 (-15.386)
-0.009 (-101.156) -0.029 (-117.823) -0.016 (-117.192)
Adj.R2 = 0.316
ρ2 = 0.118
ρ2 = 0.154
LL(0)
-183723.11
LL(const.)
-147076.41
LL(estimated)
-129721.90
-130619.88
Parallel line assumption
Violated
Violated
Note: Bold = sig. at p< 0.01, Italic = sig. at p< 0.05; ρ2=1-LL(estimated)/LL(const.)
t-statistic in parenthesis. For the two OR models, the t-stat is calculated as the square root of the Wald provided by the SPSS outputs.

Aged 15 to 19
Aged 20 to 24
Aged 25 to 34
Aged 35 to 44
Aged 45 to 54
Aged 55 to 64
Fulltime
With Mortgage
Lived in different census subdivision in last 1 year
Entropy
Accessibility to jobs
Goodness of fit

Coeff.
-1.505 (-9.287)
0.573 (4.112)
0.290 (2.765)
Reference
-0.083 (-0.818)
-0.320 (-2.488)
1.315 (12.737)
0.212 (2.749)
2.997 (18.634)
-3.008 (-14.126)
-0.078 (-67.223)
Adj. R2 = 0.102
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Table B.4 Results of linear regression models and ordered models for Calgary (normal commuters)
Model
Dependent/type of the model

Constant

LR1
Commuting
distance

LR2
Ln(commuting
distance)

Coeff.

Coeff.

3.166 (16.491)

-0.095 (-2.491)

Threshold 1
Threshold 2
Threshold 3
Threshold 4

OR1

OR2

Logit

Probit

Coeff.

Coeff.

1.378 (7.332)
3.866 (20.516)
6.609 (34.899)
13.539 (23.279)

0.728 (7.197)
2.186 (21.574)
3.767 (37.007)
6.379 (29.836)

Variables
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing, manufacturing
and utilities
Sales and service

-0.776 (-30.753)

-0.130 (-26.081)

-0.446 (-25.909)

-0.267 (-27.053)

4.796 (25.839)
1.727 (9.102)
5.612 (30.025)
Reference
1.757 (40.354)
2.094 (60.338)
2.720 (63.686)
1.468 (27.275)
1.207 (25.277)
1.671 (22.326)
1.587 (33.775)

1.908 (51.890)
0.663 (17.633)
2.028 (54.783)
Reference
0.303 (35.182)
0.376 (54.656)
0.457 (54.077)
0.315 (29.546)
0.247 (26.108)
0.315 (21.214)
0.323 (34.674)

3.135 (16.951)
0.013 (0.063)
3.641 (19.608)
Reference
1.023 (34.735)
1.226 (50.997)
1.565 (53.048)
0.884 (24.348)
0.770 (23.434)
1.022 (19.662)
0.965 (30.869)

1.736 (17.487)
0.034 (0.330)
2.030 (20.362)
Reference
0.590 (34.940)
0.710 (51.684)
0.918 (54.673)
0.520 (24.933)
0.437 (23.185)
0.589 (19.722)
0.560 (31.187)

2.077 (33.771)

0.396 (32.499)

1.291 (31.792)

0.755 (32.449)

Reference

Reference

Reference

Reference
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Model
Dependent/type of the model
Aged 15 to 19
Aged 20 to 24
Aged 25 to 34
Aged 35 to 44
Aged 45 to 54
Aged 55 to 64
Fulltime
With Mortgage
Lived in different census subdivision in last 1 year
Entropy
Accessibility to jobs
Goodness of fit

LR1
Commuting
distance
Coeff.
-2.003 (-39.322)
-0.294 (-6.673)
0.235 (7.042)
Reference
-0.118 (-3.658)
-0.404 (-9.917)
1.406 (42.712)
0.397 (16.464)
0.540 (10.331)
-0.664 (-9.616)
-0.056 (-155.517)
Adj. R2 = 0.496

LR2
Ln(commuting
distance)
Coeff.

OR1

OR2

Logit

Probit

Coeff.

Coeff.

-0.348 (-34.509)
-1.325 (-36.086)
-0.763 (-36.160)
-0.023 (-2.650)
-0.176 (-5.898)
-0.100 (-5.844)
0.026 (3.974)
0.116 (5.184)
0.070 (5.438)
Reference
Reference
Reference
-0.012 (-1.877)
-0.041 (-1.935)
-0.027 (-2.190)
-0.062 (-7.737)
-0.237 (-8.759)
-0.144 (-9.233)
0.275 (42.175)
0.792 (34.609)
0.460 (35.063)
0.062 (12.959)
0.177 (10.863)
0.108 (11.503)
0.046 (4.486)
0.308 (8.353)
0.188 (8.917)
-0.083 (-6.100)
-0.589 (-12.667)
-0.345 (-12.926)
-0.009 (-124.104) -0.038 (-120.316) -0.022 (-125.272)
Adj.R2 = 0.533
ρ2 = 0.247
ρ2 = 0.731
LL(0)
-118691.22
LL(const.)
-89590.87
LL(estimated)
-67472.031
-24058.90
Parallel line assumption
Violated
Violated
Note: Bold = sig. at p< 0.01, Italic = sig. at p< 0.05; ρ2=1-LL(estimated)/LL(const.)
t-statistic in parenthesis. For the two OR models, the t-stat is calculated as the square root of the Wald provided by the SPSS outputs.
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Table B.5 Results of linear regression models and ordered models for Ottawa-Gatineau (full sample)
Model
Dependent/type of the model

Constant
Threshold 1
Threshold 2
Threshold 3
Threshold 4
Threshold 5
Threshold 6
Variables
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing, manufacturing
and utilities
Sales and service

LR1

LR2

OR1

OR2

Commuting
distance

Ln(commuting
distance)

Logit

Probit

Coeff.

Coeff.

Coeff.

Coeff.

14.391 (21.788)

1.204 (27.907)
-1.322 (-13.883)
0.215 (2.263)
1.217 (12.778)
2.100 (22.022)
2.731 (28.555)
3.286 (34.209)

-0.790 (-14.463)
0.096 (1.754)
0.682 (12.484)
1.186 (21.686)
1.526 (27.857)
1.805 (32.869)

-0.831 (-8.754)
1.283 (2.026)
-0.918 (-1.413)
1.451 (2.272)
Reference
2.052 (12.321)
1.764 (12.845)
2.603 (15.749)
1.093 (5.229)
2.202 (13.637)
3.012 (12.422)
2.780 (13.537)

-0.100 (-16.189)
1.070 (25.862)
-0.067 (-1.586)
1.188 (28.487)
Reference
0.273 (25.091)
0.300 (33.505)
0.383 (35.497)
0.208 (15.260)
0.241 (22.820)
0.321 (20.820)
0.260 (19.389)

-0.174 (-13.209)
0.871 (9.521)
-1.073 (-11.139)
1.043 (11.307)
Reference
0.530 (23.143)
0.571 (29.911)
0.703 (31.049)
0.387 (13.472)
0.434 (19.131)
0.594 (17.382)
0.576 (20.815)

-0.106 (-13.922)
0.442 (8.431)
-0.587 (-10.729)
0.518 (9.796)
Reference
0.295 (22.194)
0.320 (28.914)
0.413 (31.466)
0.215 (12.875)
0.248 (18.894)
0.348 (17.623)
0.322 (19.997)

2.721 (9.010)

0.265 (13.426)

0.511 (12.561)

0.313 (13.246)

Reference

Reference

Reference

Reference
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Model

LR1

LR2

OR1

OR2

Commuting
distance

Ln(commuting
distance)

Logit

Probit

Coeff.

Coeff.

Coeff.

Coeff.

Aged 15 to 19
Aged 20 to 24
Aged 25 to 34
Aged 35 to 44
Aged 45 to 54
Aged 55 to 64
Fulltime
With Mortgage
Lived in different census subdivision in last 1 year
Entropy

-2.126 (-10.030)
1.453 (8.216)
0.599 (4.618)
Reference
-0.224 (-1.842)
-0.011 (-0.070)
1.149 (8.858)
0.313 (3.369)
5.695 (24.808)
-6.728 (-25.975)

-0.296 (-21.348)
-0.031 (-2.684)
0.048 (5.711)
Reference
-0.026 (-3.256)
-0.043 (-4.218)
0.206 (24.320)
0.062 (10.171)
0.221 (14.743)
-0.523 (-30.903)

Accessibility to jobs

-0.080 (-60.556)

-0.008 (-96.595)

Dependent/type of the model

Adj.R2 = 0.347
LL(0)
LL(const.)
LL(estimated)
Parallel line assumption
Note: Bold = sig. at p< 0.01, Italic = sig. at p< 0.05; ρ2=1-LL(estimated)/LL(const.)
t-statistic in parenthesis. For the two OR models, the t-stat is calculated as the square root of the Wald provided by the SPSS outputs.

Goodness of fit

Adj. R2 = 0.106

-0.843 (-27.555) -0.438 (-24.848)
-0.176 (-7.145)
-0.074 (-5.167)
0.084 (4.738)
0.054 (5.241)
Reference
Reference
-0.050 (-3.023)
-0.033 (-3.407)
-0.045 (-2.141)
-0.035 (-2.882)
0.399 (21.834)
0.222 (21.025)
0.090 (7.087)
0.048 (6.549)
0.404 (12.576)
0.280 (15.141)
-1.311 (-36.557) -0.761 (-36.685)
-0.025 (-0.013 (-111.819)
114.905)
ρ2 = 0.128
ρ2 = 0.121
-195299.33
-168679.85
-147004.57
-148222.247
Violated
Violated
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Table B.6 Results of linear regression models and ordered models for Ottawa-Gatineau (normal commuters)
Model
Dependent/type of the model

Constant

LR1

LR2

OR1

OR2

Commuting
distance

Ln(commuting
distance)

Logit

Probit

Coeff.

Coeff.

Coeff.

Coeff.

5.093 (27.335)

0.194 (5.332)
0.628 (3.725)
3.237 (19.133)
5.324 (31.361)
8.556 (47.772)
12.431 (28.488)

0.229 (2.511)
1.744 (19.045)
2.974 (32.373)
4.618 (48.457)
6.092 (30.386)

Threshold 1
Threshold 2
Threshold 3
Threshold 4
Threshold 5
Variables
Female
Auto
Bike or walking
Transit
Other modes
Management
Business, finance or administration
Nature and applied science
Health
Social science, education, and government service
Art, culture, religion, or sport
Trades, transport and equipment operators
Unique to primary industry or to processing, manufacturing
and utilities
Sales and service

-0.616 (-23.807)

-0.112 (-22.017)

-0.358 (-20.950)

-0.211 (-21.593)

4.658 (26.008)
1.701 (9.335)
5.703 (31.648)
Reference
1.964 (42.259)
2.056 (54.780)
2.811 (60.948)
1.206 (20.799)
1.547 (35.002)
1.929 (29.431)
1.710 (28.352)

1.790 (51.054)
-0.588 (-16.485)
1.947 (55.184)
Reference
0.341 (37.507)
0.378 (51.399)
0.473 (52.348)
0.245 (21.594)
0.309 (35.733)
0.376 (29.272)
0.307 (25.970)

3.165 (19.118)
0.050 (0.293)
3.777 (22.708)
Reference
1.151 (37.678)
1.211 (47.883)
1.586 (52.525)
0.782 (20.532)
0.947 (31.546)
1.208 (27.200)
1.001 (26.115)

1.688 (18.888)
0.022 (0.056)
2.036 (22.662)
Reference
0.663 (38.082)
0.695 (48.352)
0.925 (53.865)
0.442 (20.309)
0.537 (31.432)
0.693 (27.410)
0.575 (26.233)

1.398 (15.393)

0.321 (18.055)

0.962 (16.652)

0.552 (16.689)

Reference

Reference

Reference

Reference
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Model
Dependent/type of the model

Aged 15 to 19
Aged 20 to 24
Aged 25 to 34
Aged 35 to 44
Aged 45 to 54
Aged 55 to 64
Fulltime
With Mortgage
Lived in different census subdivision in last 1 year
Entropy
Accessibility to jobs
Goodness of fit

LR1

LR2

OR1

OR2

Commuting
distance

Ln(commuting
distance)

Logit

Probit

Coeff.

Coeff.

Coeff.

Coeff.

-2.142 (-37.483)
-0.570 (-11.704)
0.357 (9.923)
Reference
-0.147 (-4.327)
-0.221 (-5.174)
1.372 (38.486)
0.615 (24.114)
1.196 (18.429)
-4.636 (-63.850)
-0.048 (-135.899)
Adj. R2 = 0.546

-0.356 (-31.800)
-1.468 (-35.416)
-0.815 (-34.735)
-0.065 (-6.841)
-0.300 (-9.246)
-0.174 (-9.413)
0.049 (6.993)
0.170 (7.353)
0.100 (7.560)
Reference
Reference
Reference
-0.015 (-2.252)
-0.065 (-3.026)
-0.042 (-3.418)
-0.046 (-5.463)
-0.097 (-3.545)
-0.066 (-4.212)
0.251 (36.029)
0.823 (33.637)
0.470 (33.742)
0.098 (19.587)
0.290 (17.533)
0.171 (18.063)
0.153 (12.021)
0.655 (15.007)
0.387 (15.605)
-0.499 (-35.111)
-2.259 (-46.872)
-1.337 (-48.741)
-0.008 (-110.835) -0.036 (-115.174) -0.020 (-118.676)
Adj.R2 = 0.564
ρ2 = 0.287
ρ2 = 0.861
LL(0)
-128564.12
LL(const.)
-91317.34
LL(estimated) -65139.68
-12660.80
Parallel line assumption
Violated
Violated
Note: Bold = sig. at p< 0.01, Italic = sig. at p< 0.05; ρ2=1-LL(estimated)/LL(const.)
t-statistic in parenthesis. For the two OR models, the t-stat is calculated as the square root of the Wald provided by the SPSS outputs.
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